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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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fourth edition cancels and replaces the third edition (ISO 898-2:2012) which has beel
ed.

hain changes are as follows:

roperty class 9 hasbeen deleted completely, and nuts with fine pitch thread and pro
ave been deleted (see Introduction);

uts with fine'pitch thread in style 2 and property class 12 have been added for diamets
9 mm (see)Tables 4, 6 and 10);
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additional statements for thin nuts and jam nuts have been added (see Clause 6);

in relation to material, heat treatment and steel microstructure (see Clause 7):

the minimum carbon content has been added (see Tables 3 and 4),

additional statements for hot dip galvanized nuts have been added by referencing ISO 10684;

the minimum manganese content has been specified to 0,25 % for all Non-Quenched and

Tempered nuts (NQT) and has been raised to 0,45 % for all Quenched and Tempered nuts (QT)

(see Tables 3 and 4),

the table footnote for free cutting steel has been reworked (see Tables 3 and 4),
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the minimum tempering temperature has been added for QT nuts (see Tables 3 and 4), and a
reference retempering test has been added (see 10.4),

for nuts that may optionally be quenched and tempered at the manufacturer’s discretion,
detailed specifications have been added (see 7.2),

specifications for steel microstructure have been added for NQT and QT nuts (see 7.4.1, 7.4.2

and

10.3);
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ed for sizes M27 to M39 (see Introduction, Table 5, and Annex C),

e 11), and reference to additional proof load specifications has been addedfor/prev
ue nuts (see 10.1);

bn to hardness:

reference Vickers hardness values have been recalculated, and conwversion into Brine
kwell hardness has been adjusted (see Introduction and 8.3),

iness determined on the bearing surface (see 10.2.4 a) dnd" hardness determined i
sverse section at mid-height of the nut (see 10.2.4 b) have'been added for routine inspe

fest method for hardness determined in the thread hasbeen improved and the test ford
h specified according to the pitch dimension (see A8/2.5),

DT nuts, the test methods for hardness in the-core (see 10.2.6) and uniformity of har
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and labelling have been revised, and all nuts conforming to this document are to be m:
r their shape (see Clause 11);

, Design principles for nuts, has been improved;
, Nominal stress Gngder proof load, has been added.
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Introduction

ISO 898, the basic standard for fasteners with ISO metric thread made of carbon steel and alloy steel,
was developed in several parts, and includes diameters 5 mm to 39 mm only for nuts. Property classes
are specified in the ISO 898 series in relation to materials and mechanical properties, so that nuts in
accordance with ISO 898-2 are matching with bolts, screws and studs specified in ISO 898-1 and with
flat washers specified in ISO 898-3, as necessary, in order to design suitable assemblies for a given
application.

More parts are under development for bolts, screws, studs and nuts with sizes above 39 mm.
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1 - high, style 2 - thin, style 0), diameter ranges, coarse or fine pitch thread, and-pro
ation to heat treatment (Non-Quenched and Tempered = NQT, or Quenched and,Tem
b combinations are based on bolt/nut compatibility, manufacturing processes ‘and m|
er combinations are needed, e.g. for nuts designed for particular applications, see ISO

Jer to assure the necessary material strength in relation to propertytlasses:

buenched and Tempered nuts (QT) are specified with a minimum €arbon content and
empering temperature, and are characterized by a homogeneotis martensitic structuf

lon-Quenched and Tempered nuts (NQT) are also specified with a minimum carbon co
haracterized by a non-quenched microstructure.

property classes (in relation to nut style, diameter and coarse or fine pitch thread)

its apply.

For filly loadable non-standard nuts which areto meet the requirements of this document,

style

Nut 1
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ISO 8
more

The
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ISO 1
whic
for N

1 or style 2 is assigned in relation to their minimum design thread height.

padability is primarily checked by proof load. For nuts with coarse pitch thread 2
bs 6 and 8, proof load values have-been raised for sizes M27 to M39 due to the latest c4
ya Hagiwaral2%l in accordante with the Alexander's theoryl21l, see ISO/TR 16224. Fg
5 necessary to develop full strength in relation to the mating bolts, screws and studs
98-1, the difference between the proof loads of ISO 898-2:2012 and the recalculated
than 5 % (see Annex ().

Vickers hardnesS-values specified for each individual group (consisting of property
eter range apd\pitch) have been chosen according to the same latest calculations, bu
bntional figures taken over from the former versions of Parts 2 and 6 which were mer

8265_presents no hardness to tensile strength correlation for steel in work hardeng
h is€ypical for cold forged high volume NQT nuts: therefore, minimum hardness is just
QP nuts and does not constitute a criterion in case of dispute. The maximum hardness|

huts specified in this document result from the adequate combination of nut heights (regular,
erty classes

bered = QT).
arket needs.
TR 16224.

a minimum
e;

ntent but are

specified as

may be optionally quenched and tempered as spécified in 7.2, and in this case all requfirements for

the relevant

ind property
Iculations of
r those nuts
specified in
values being

class, style,
F adjusted to
bed in 2012.

d condition,
informative
of 334 HV is

specified in order to prevent unexpected manufacturing processes which can lead to brittle behaviour
of the NQT nuts: this limit is therefore mandatory and valid in case of dispute. However, it should be
noted that work hardening is usually not severe enough to reach 302 HV when typical material and
forging processes are used; nevertheless, inappropriate hardness testing or scattering due to just local
properties is also covered by this specified limit of 334 HV.

Due to missing or decreasing market needs, nuts of property class 5 with fine pitch thread in style 1
and nuts of property class 9 were deleted (property class 5 or 9 can be substituted by property class 6
or 10 respectively).
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Fasteners — Mechanical properties of fasteners made of
carbon steel and alloy steel —

Part 2:
Nuts with specified property classes

1 S

This
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WARNING — Nuts conforming to the requirements of this document are tested at t

temp]
howe
Itis
and
appr

For a

cope

Hocument specifies the mechanical and physical properties of nuts made of non-alloy
when tested at the ambient temperature range of 10 °C to 35 °C.

Hocument applies to nuts:

vith [SO metric thread (see ISO 68-1),

vith diameter/pitch combinations according to ISO 261 and SO 262,

vith coarse pitch thread M5 to M39, and fine pitch threadd8x1 to M39x3,
vith thread tolerances according to ISO 965-1, ISO 9652 or ISO 965-5,

vith specified property classes 04, 05, 5, 6, 8, 10*and 12 including proofload,
fthree different nut styles (see 5.1): regularnuts (style 1), high nuts (style 2) and thin 1
vith a minimum outside diameter or width across flats s = 1,45D,

ble to mate with bolts, screws and:studs with property classes in accordance with IS
innex B), and

htended to be used in applieations ranging from -50 °C to +150 °C, or up to +300 °C.

erature range of 10°C to 35 °C and are used in applications ranging from -50 °(
bver, these nutscare also used outside this range and up to +300 °C for specific a
possible thatthey do not retain the specified mechanical and physical propert
pr elevated t€émperatures. Therefore, it is the responsibility of the user to det
ppriate choices based on the service environment conditions of the assembly (s¢

dditional specifications applicable to hot dip galvanized nuts, see ISO 10684.

For nuts r‘lpcignpd for parfir‘n]ar‘ applir‘aﬁnnc’ see IQﬂI/TR 16224

steel or alloy

uts (style 0),

0 898-1 (see

he ambient
to +150 °C;
pplications.
ies at lower
ermine the
e also 7.1).

This document does not specify requirements for functional properties such as:

— prevailing torque properties (see 1SO 2320),

— t

orque/clamp force properties (see ISO 16047 for test method),

— weldability, or

— corrosion resistance.

©ISO
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2 Normative references

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

[SO 1891-4, Fasteners — Vocabulary — Part 4: Control, inspection, delivery, acceptance and quality

[SO 2320, Fasteners — Prevailing torque steel nuts — Functional properties

ISO 6157-2, Fasteners — Surface discontinuities — Part 2: Nuts

ISO 6506-1,
[SO 6507-1, ]
[SO 6508-1,
ISO 6892-1, |

[SO 7500-1,
Tension/com

ISO 10684, K
ISO 16228, H

3 Terms

No terms an

ISO and IEC

IEC Elec

Symbag

ISO Online browsing platform: available athttps://www.iso.or

etallic materials — Brinell hardness test — Part 1: Test method

Vetallic materials — Vickers hardness test — Part 1: Test method

Vetallic materials — Rockwell hardness test — Part 1: Test method

Metallic materials — Tensile testing — Part 1: Method of test at room tentperature

Metallic materials — Calibration and verification of static uniaxial tésting machines — P
pression testing machines — Calibration and verification of the force-measuring system

asteners — Hot dip galvanized coatings

asteners — Types of inspection documents

and definitions

d definitions are listed in this document.

tropedia: available at https: /fwww.electropedia.org/

Is

nominal threadiddiameter of the nut (basic major diameter of the internal thread), mr
hole diameterof the grip, mm
force, N

proofload, N

maintain terminology databases for use\ih standardization at the following addresses:

art 1:

=)

m

mth,design
P

N

Sp

thickness of the grip, mm

height of the nut, mm

design thread height of the nut, mm
pitch of the thread, mm

width across flats, mm

stress under proof load, MPa

© IS0 2022 - All rights reserved
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5 Designation systems

5.1 Nutstyles
This document specifies three styles for nuts.

For standard hexagon nuts without flange and without prevailing torque feature, the following limits
apply:
— style 1: regular nut with minimum height 0,80D < m_;, < 0,89D, see Table B.1;

PP PN NI P Y S NS IVE-EYCE RN NP2 DO STeY 00N 1o D 1
- Cy TCZ TG TTOrC vy T T T O T ITCTE T C T T, = 9,0 J 1, oCC TaOTCTO0T,

— dtyle 0: thin nut with minimum height 0,45D < m_;, < 0,80D.

For ofther standard nuts (e.g. nuts with flange, prevailing torque nuts, non-hexagon nuts, etc.), the style
shall|be addressed in the product standard together with the mechanical propérties.

For nuts per drawing, the style shall be addressed in accordance with/the minimum d¢sign thread
height, my, gesign: together with the mechanical properties. my, yesiqn is Specified in Figure 1and Table 1.
is the distance between the intersections of the nut chamfer(s) if any or the nutiface(s), with

mth,d bsign
the theoretical cylinder representing the nominal thread diameter D:
mfh,design
H— =

iz
Figure 1. Design thread height, my, gesign

Table"l= Design thread height for nuts per drawing

Regular nuts (style.ly High nuts (style 2) Thin nuts (styfe 0)
0,73D < mth,design mif 0'83D mth,design,min 2 0'83D 0'40D = mth,design,m'n < 0'73D

NOTH1 Limits for mg, gésign min are calculated by taking into account the most critical dimensions for the nutg, i.e. minimum
height m,,;,, maximum diameter of the countersink d, ., minimum countersink angle for the chamfer (90° for regular and
high muts, 110° forythin nuts) and two chamfers (one on each bearing face).

NOTH2 The resulting minimum ratios for standard hexagon nuts with diameters 12 mm to 39 mm are thg basis for the
figur¢s specified in this Table.

5.2 Property classes

5.2.1 Regular nuts (style 1) and high nuts (style 2)

The property classes of regular nuts (style 1) and high nuts (style 2) consist of a number. This number
corresponds to the left number of the appropriate highest property class of bolts, screws and studs
with which they can be mated, which is 1/100 of the nominal tensile strength of the mating bolt in
megapascals.

EXAMPLE Nut with property class 10 is a regular or high nut to be mated with a bolt of property class up to
10.9 included.

©1S0 2022 - All rights reserved 3
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5.2.2 Thin nuts (style 0)
The property classes of thin nuts (style 0) consist of two digits, specified in the following way:

a) the first digit "zero" indicates the reduced loadability of thin nuts, in order to warn that these nuts
are not designed to prevent thread stripping failure mode in case of overloading;

b) the second digit corresponds to approximately 1/100 of the nominal stress under proof load, Sp, in
megapascals (MPa).

EXAMPLE Nut with property class 05 is a thin nut with a nominal stress under proofload of 500 MPa.

6 Design of bolt and nut assemblies

Explanationf of basic design principles of nuts and loadability of bolted assemblies are given in Anmex B.
Information|for nominal stress under proofload Sy is given in Annex C.

Regular nutp (style 1) and high nuts (style 2) shall be mated with externally threaded fastengrs in
accordance yith Table 2. However, nuts of a higher property class may replace ntits of a lower property
class, excepf for prevailing torque nuts where only nuts and externally threaded fasteners|with
corresponding property classes shall be combined.

Table 2 — Combination of regular nuts (style 1) and high nuts (style 2)
with bolt, screw, stud property classes

Nutproperty class | 8o O e ud
5 5.8
6 6.8
8 8.8
10 109
12 12.9/12.9

Thin nuts ($tyle 0) have a reduced loadability compared to regular nuts or high nuts and arg not
designed to prevent thread stripping failure mode in case of overloading.

Thin nuts uged as jam nuts shall\be assembled together with a regular nut or a high nut (thin nfits of
property class 04 with regularot high nuts up to and including property class 8, thin nuts of property
class 05 with regular or highynuts of property class up to and including 12).

7 Material, heattreatment, chemical composition and steel microstructure

7.1 General

When tested at ambient temperature by the methods specified in Clause 10, nuts with specified property
class shall meet the requirements specified in Clause 7, regardless of which tests are performed during
manufacture or final inspection.

When nuts are intended to be used in applications outside the range of -50 °C to +150 °C, several
factors need to be taken into account, e.g. steel composition, duration of exposure at low or elevated
temperature, the effect of the temperature on the fastener mechanical properties and clamped parts.

NOTE Information for the selection and application of steels for use at lower and elevated temperatures is
given for instance in EN 10269, ASTM A320/A320M and ASTM A194/A194M.

The chemical composition limits of steels, the heat treatment condition (including minimum tempering
temperature for quenched and tempered nuts only) and microstructure for the specified combinations

4 © IS0 2022 - All rights reserved
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of property classes, heights (styles) and thread diameters shall be in accordance with Table 3 for nuts
with coarse pitch thread, and with Table 4 for nuts with fine pitch thread.

7.2 Heat treatment

Nuts shall be manufactured in accordance with the requirements specified in Tables 3 and 4 for the
following heat treatment conditions:

— Not Quenched and Tempered (NQT),
— Quenched and Tempered (QT).

Only|the following nuts are allowed to be manufactured in one or the other condition (NQT or QT) at
the mpanufacturer's discretion, and in both cases these nuts shall meet all applicable requjrements for
the relevant heat treatment condition:

a) Hor nuts with coarse pitch thread and in accordance with Table 3:

— regular nuts (style 1) of property class 8 with D < M16,

— high nuts (style 2) of property class 8;

b) Hor nuts with fine pitch thread and in accordance with Table4:

— regular nuts (style 1) of property class 6 with D < 16 mm,

— high nuts (style 2) of property class 8 with D < 16'mm.

7.3 | Chemical composition

The dhemical composition shall be assessed in accordance with the relevant International §tandards. In
case pf dispute, the product analysis shall meet the limits specified in Table 3 or 4.

For rfuts that are to be hot dip galvanized, the additional requirements specified in 1SO{10684 shall
apply.

© IS0 2022 - All rights reserved 5
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Table 3 — Chemical composition limits of steels for nuts with coarse pitch thread

Cast analysis 2P Tempering
Heat Property Nut Thread % temperature
treatment| class height D C Mn P S °C
min. | max. | min. | max. | max. min.
Not 04d Style 0 M5 <D <M39
0
d
Quenched 5 Style 1 M5 <D< M39
and 6d Style 1 M5 <D <M39 0,06 | 0,58 | 0,25 | 0,060 | 0,150 —
Tempered Stylel | M5<DsMI6®
(NQT) ¢ 8
Style 2 M5<D<M39¢
05 Style 0 M5 <D <M39
8 Style 1 M5 <D <M39
Quenched Style 2 M5 < D < M39 0,15 380
T and Style 1 M5 < D < M39 0,58 | 0,45 | 0,048 | 0,058
empered 10
QT)f Style 2 M5 <D <M39
12 Style 1 M5 < D <M16 0,18 410
Style 2 M5 <D <M39 0,15 380

a2 In case of dispute, product analysis shall apply.
b Alloying dlements may be added, provided the mechanical and physical properties required in Clause 8 are met.
¢ The steel structure of NQT nuts shall not consist of quenched microstructure, in accordance with 7.4.1.

d  These nutls may be manufactured from free cutting steel containing, sulfur, phosphorus and lead, with the follpwing
contents: S < (4,350 %; P <0,110 %; Pb < 0,350 %.

¢ These nuts may be quenched and tempered at the manufactureér's discretion, and in this case all requirements for QT
nuts shall apply.

f The micrdstructure of QT nuts shall show approximately 90 % martensite in accordance with 7.4.2.

6 © IS0 2022 - All rights reserved
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Table 4 — Chemical composition limits of steels for nuts with fine pitch thread

Cast analysis 2P Tempering
Heat Property Nut Thread % temperature
treatment| class height D C Mn P S °C
min. | max. | min max. | max. min.
Not 044 Style0 | 8mm<D<39mm
Quenched [~gd™ | style1 | 8mm<D<16mme
and y — 0,06 | 0,58 | 0,25 | 0,060 | 0,150 —
Tempered 8 Style2 | 8mm<D<16 mm?¢©
(NQT) ¢ y T
05 Style 0 8 mm <D <39 mm
6 Style 1 8mm<D<39mm 0,15 380
< <
Quehched Stylel | 8mm<D<16 mm
ahd 8 Stylel | 166 mm<D<39mm | 0,18 410
0,58 | 0,45 | 0,048 0,058
Tem oerfed Style 2 8 mm <D <39 mm
(QT) 10 Style 1 8mm<D<16mm 0,15 380
Style 2 8 mm <D <39 mm
12 Style 2 8 mm <D <39 mm 0,18 410
a  [n case of dispute, product analysis applies.
b Alloying elements may be added, provided the mechanical and physical properties required in Clause 8 4re met.
¢ The steel structure of NQT nuts shall not consist of quenched microstructure, in accordance with 7.4.1.
d  These nuts may be manufactured from free cutting steel\¢ontaining sulfur, phosphorus and lead, witH the following
contepts: S < 0,350 %; P <0,110 %; Pb < 0,350 %.
¢ These nuts may be quenched and tempered at the manufacturer's discretion, and in this case all requirfements for QT
nuts ghall apply.
£ The microstructure of QT nuts shall show approximately 90 % martensite in accordance with 7.4.2.
7.4 |Steel microstructure
7.4.1 Non-quenched and tempered nuts
Nuts|that are non-quenched and tempered (NQT) shall be supplied in the as forged ¢r machined
cond]tion. The steel structure shall not consist of quenched microstructure.
7.4.2f Quenchedand tempered nuts
For materials.of nuts to be quenched and tempered (QT), there shall be a sufficient harglenability to
ensure a hemogenous microstructure consisting of approximately 90 % martensite thrjoughout the
nuts.

The manufacturer shall ensure that the austenite transformation temperature has been exceeded
and sufficient duration allowed to achieve adequate transformation to martensite throughout the nut
during quenching to ensure uniform mechanical properties.

8 Mechanical and physical properties

8.1

General

When tested at ambient temperature by the methods specified in Clause 10, nuts with specified
property class shall meet the mechanical and physical requirements specified in Clause 8, regardless of
which tests are performed during manufacture or final inspection.
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8.2 Proofload

When tested in accordance with 10.1, nuts with specified property class shall meet the requirements
for the proofload specified in Table 5 or 6.

Table 5 — Proofloads for nuts with coarse pitch thread

Proofload, Fp (N)
Thli)ead Pi;ch Property class
042 052 5 6 8 10 12
M5 6;6 5466 7166 8256 5-566 12146 +4-866 16390
M6 1 7 640 10 000 11 700 13 500 17 200 20900 28 100
M7 1 11000 14 500 16 800 19 400 24700 30 100 33200
M8 b 1,25 13900 18 300 21600 24900 31800 38100 42 500
M10b 1,5 22000 29000 34200 39400 50500 60.300 67 390
M12 1,75 32000 42 200 51400 59 000 74200 88 500 100 300
M14 2 43700 57 500 70 200 80500 101 200 120800 136 900
M16 2 59700 78500 95 800 109900 138 200 164 900 186 400
M18 2,5 73000 96 000 121 000 138 200 176600 203500 230400
M20 2,5 93 100 122 500 154 400 176 400 225400 259700 294 (00
M22 2,5 115 100 151 500 190900 218 200 278 800 321 200 363 400
M24 3 134100 176 500 222 400 254 200 324 800 374200 423 400
M27 3 174 400 229500 289 200 348800 452 100 486 500 550 400
M30 3,5 213200 280500 353400 426 400 552600 594 700 673 200
M33 3,5 263700 347 000 437 200 527 400 683 600 735 600 832 400
M36 4 310500 408500 514,700 620900 804 700 866 000 980400
M39 4 370900 488000 614 900 741 800 961 400 1035000 1171p00
a2 When thin nuts are used, the application shall take’into account the stripping load which is lower than the prooflpad of
a nut with fulllloadability (see Annex B).
b Hotdip gdlvanized nuts with thread tolefance class 6H shall meet the requirements of this Table. For hot dip galvanized
nuts with thread tolerance classes 6AX and 6AZ in accordance with ISO 965-5, the lower proof loads specified in ISO 10684
for M8 and M1)0 shall apply.

8 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=17cc7ca8b42451a3ffb68adede7e252a

ISO 898-2:2022(E)

Table 6 — Proofloads for nuts with fine pitch thread

8.3

Proofload, Fp (N)
Thread Property class
DxPpP
042 052 6 8 10 12
M8x1 14900 19 600 30200 37 400 43100 47 000
M10x1,25 23300 30600 47 100 58400 67 300 73 400
M10x1 24 500 32 200 49700 61 600 71000 77 400
M12x1,5 33500 44000 68700 84 100 97 800 105 700
M12x1,25 35-000 46-000 /1800 88-000 1092-200——110-5Q0
M14x1,5 47 500 62500 97 500 119400 | 138800 | 150 040
M16x1,5 63 500 83500 130300 | 159500 | 185400 [2004Q0
M18x2 77 500 102 000 | 177500 | 210100 | 220300 [}°248 1Q0
M18x1,5 81700 107 500 | 187000 | 221500 | 232200 | 262 8(Q0
M20x2 98 000 129000 | 224500 | 265700 |278600 | 313500
M20x1,5 103400 | 136000 | 236 600 | 280 200“1)293 800 | 3299(0
M22x2 120800 | 159000 | 276700 | 327500 | 343400 | 386500
M22x1,5 126 500 | 166500 | 289700 | 343000 | 359600 | 404 7Q0
M24x2 145900 | 192000 | 334 100</ 395500 | 414700 | 467 1Q0
M27x2 188500 | 248000 | 431 500-| 510900 | 535700 | 6098(0
M30x2 236 000 | 310500 | 540300 | 639600 | 670700 | 764140
M33x2 289200 | 380500 | 662100 | 783800 | 821900 | 935800
M36x3 328700 | 432500t 804400 | 942800 | 934200 |1063900
M39x3 391400 | 515000 | 957900 [1123000|1112000|1 265000
a2 When thin nuts are used, the applicatien shall take into account the stripping load which is lojver
than the proofload of a nut with full loadability (see Annex B).

Hardness

When tested in accordance with' 10.2, nuts with specified property class shall meet the requirements

for tH

e hardness, as follows:

— fpr NQT nuts the-minimum hardness is given for information only but the maximym hardness

requirement of/Table 7 or 9 shall apply;

— fpr QT nuts the minimum hardness and the maximum hardness requirements of Table|8 or 10 shall
pply; the'difference in hardness determined in the core and in the thread in accordancg with 10.2.7

wn_Q

hall netbe greater than 30 HV.
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Table 7 — Hardness for non-quenched and tempered nuts (NQT) with coarse pitch thread

Vickers Converted Brinell | Converted Rockwell
Property Stvl Thread hardness hardness @ hardness 2
class tyle D HV HB or HBW
min. max. min. max. min. max.
04 Style 0 M5 <D <M39 188 179 88,8 HRB
M5 <D <M16 130 124 71,2 HRB
5 Style 1
M16 <D <M39 146 139 77,9 HRB
6 crola 1 M5 <D< M16 150 334 143 318 78,7 HRB | 33,9 HRC
7 M16 <D <M39 170 162 85,0 HRB
Style 1 M5<D<Mil6b
8 200 190 91,5 HRB
Style 2 M5<D<M39Pb
a  Brinell and Rockwell hardness are converted from HV values according to ISO 18265 (unalloyedcarrdlow alloy steel
conditions).
b These nuts may be quenched and tempered at manufacturer's discretion: in this case, Table 8'shall apply.

Table¢ 8 — Hardness for quenched and tempered nuts (QT) with cearse pitch thread
Vickers Converted\Brinell | Converted Rockwell
Property Thread hardness hardness 2 hardness 2
class Style D HV HB.or HBW
min. max. min. max. min. mdx.
05 Style 0 M5 <D <M39 272 353 268 349 26,5HRC | 36,9 HRC
Stvle 1 M5 <D< M16 200 195b 92,7 HRBD
e
8 Y M16 <D <M39 233 334 228 330 98,9 HRB | 34,8 HRC
Style 2 M5 <D <M39 200 195b 92,7 HRB D
Style 1 M5 <D <M39 272 268 26,5 HRC
10 353 349 36,9 HRC
Style 2 M5 <D <M39 233 228 98,9 HRB
12 Style 1 M5 <D< M16 308 368 304 363 31,6 HRC | 38,5 HRC
Style 2 M5 <D< M39 272 353 268 349 26,5 HRC | 36,9 HRC
a2 Brinell afjd Rockwell hardness are,cofverted from HV values according to ISO 18265 (quenched and tempered
condition).
b Extrapolafed value (no convefsign available in ISO 18265 for values less than 210 HV).

Table 9 — Hardness for non-quenched and tempered nuts (NQT) with fine pitch thread

Vickers Converted Brinell | Converted Rockwell

Property Thread hardness hardness 2 hardness 2
class Style D HV HB or HBW
min. max. min. max. min. max.

04 Style 0 8mm=<D<39mm 188 179 88,8 HRB
6 Style 1 8mm<D<16mmb 200 334 190 318 91,5 HRB | 33,9 HRC
8 Style 2 8mm<D<16mmb 223 212 95,4 HRB

conditions).
b

a  Brinell and Rockwell hardness are converted from HV values according to ISO 18265 (unalloyed and low alloy steel

These nuts may be quenched and tempered at manufacturer's discretion: in this case, Table 10 shall apply.

10
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Table 10 — Hardness for quenched and tempered nuts (QT) with fine pitch thread

Vickers Converted Brinell | Converted Rockwell
Property Thread hardness hardness @ hardness 2
class Style D HV HB or HBW
min. max. min. max. min. max.
05 Style 0 8mm<D<39mm 272 353 268 349 26,5 HRC | 36,9 HRC
6 Style 1 8mm<D<16 mm 200 334 195D 330 92,7 HRBY | 34,8 HRC
16 mm < D <39 mm 233 334 228 330 98,9 HRB | 34,8 HRC
crula 1 8mm=s<D<16 mm 262 334 258 330 249 HRC | 34,8 HRC
7 16 mm <D <39 mm 295 353 291 349 29,8 HRC| | 36,9 HRC
B 8mm<D<16 mm 223 334 218 330 97,2-HRB| | 34,8 HRC
Sl am<D<39mm | 244 | 334 | 239 330 | 219 HRC|| 34,8 HRC
{o Style 1 8mm=<D<16 mm 320 380 316 375 33,1 HRC| | 39,6 HRC
Style 2 8 mm <D <39 mm 272 353 268 349 26,5 HRC| | 36,9 HRC
12 Style 2 8mm <D <39 mm 308 368 304 363 31,6 HRC| | 38,5 HRC
a2 Brinell and Rockwell hardness are converted from HV values according to 1SO 18265 (quenched pnd tempered
condifion).
b Hxtrapolated value (no conversion available in ISO 18265 for values less-than 210 HV).
8.4 |Surface integrity
Surfgce integrity shall be in accordance with ISO 61572
9 Inspection
9.1 | Manufacturer's inspection
This |document does not mandate ‘which of the tests the manufacturer shall perfofm on each
manyfacturing lot. It is the respansibility of the manufacturer to apply suitable methods of|their choice,
such fas in-process control or final inspection, to ensure that the manufactured lot does cgnform to all

specified requirements. For additional information, see ISO 16426.

In ca
tests

9.2

The {
of thg
provi

ce of dispute, all applicable test methods in accordance with Clause 10 (except hard
given in 10.2.4) shall apply.

Supplier'siinspection

uppliersmay test the nuts which they provide using methods of their choice (periodi
e manufacturer, checking of test results from the manufacturer, tests on the nuts then|

ness routine

c evaluation
1selves, etc.),

ded all specified requirements are met

In case of dispute, all applicable test methods in accordance with Clause 10 (except hardness routine

tests

9.3

of 10.2.4) shall apply.

Purchaser's inspection

The purchaser may test the delivered nuts using the test methods specified in Clause 10.

In case of dispute, all applicable test methods in accordance with Clause 10 (except hardness routine

tests

©ISO

given in 10.2.4) shall apply.
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9.4 Delivery of test results

If the purchaser requires test results from the supplier, the type of test report shall be agreed upon at
the time of the order. It shall be established in accordance with ISO 16228, unless otherwise agreed. Any
additional or specific test shall also be specified by the purchaser and agreed upon before the order.

For nuts which are optionally quenched and tempered in accordance with 7.2, the heat treatment option

(QT or NQT)

shall be included in the test report.

10 Test methods

10.1 Proofiload test

10.1.1 Gen
The prooflo
a) applicat
b) checkin

eral
hd test consists of two main operations, namely:
ion of a specified proofload by means of a test mandrel (see Figure-2)and

b of the damage to the nut thread caused by the proofload, if any,

For proof lgad testing of prevailing torque nuts, the additional teSt)procedure and requirerments

specified in

10.1.2 AppIicability

This test ap

10.1.3 App

SO 2320 shall apply.

lies to nuts of all sizes and for all property classes.

jaratus

The tensile lesting machine shall be in accordance with ISO 7500-1, class 1 or better. Side thrust dn the

nut shall be

10.1.4 Testing device
The grip and test mandrel shall fulfil'the following requirements:
— hardnesgs of the grip: 45 HRE'minimum,

— thicknegs of the grip/A: D minimum,

— holedia

— mandre

hvoided, e.g. by self-aligning grips.

meter ofthe grip, d;: in accordance with Table 11,

hatdéned and tempered: hardness 45 HRC to 50 HRC,

— thread

1 1 £ " . RIS L 1 13 1 +1 1 £ :
LOICTAIICC CIdSS O UIE LESU MMIdIUI L. oIlog, 4l dUUILIOIIdIIy UIE LOICTdIICE Ol LIIC ua]0r

diameter shall be the lowest quarter of the 6g range; thread dimensions for the test mandrel shall

be as sp

12

ecified in Annex A.
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a) By tensile testing b) By compressive testing
a2 No sharp edge.
Figure 2 — Proofload test
Table 11 — Hole diameter for the grip
Dimensions jn millimeters
Thread Hole diameter Thread Hole diameter Thread Hole|diameter
D dy? D dy, 2 D dy?
min. max. min. max. min. max.

5 5,030 5,105 14 14,050 14,160 27 27,061 27,195

6 6,030 6,105 16 16,050 16,160 30 30,064 30,195

7 7,040 7,130 18 18,050 18,160 33 33,08(|) 33,240

8 8,040 8,130 20 20,065 20,195 36 36,08¢ 36,240

10 10,040 10,130 22 22,065 22,195 39 39,08(*! 39,240

12 12,050 12,160 24 24,065 24,195 — — —
2 dj, = D with tolerance-lass D11 (see ISO 286-2).
10.1)5 Test procédure
The nut shall-b€ tested as received.
The thread of the test mandrel shall be checked before and after each test. If the threaf of the test
mandrelis damaged during the test the test result shall be discarded and a-new test shall be carried

out with a conforming mandrel.
The nut shall be assembled on the test mandrel in accordance with Figure 2.

The axial tensile test or axial compressive test shall be carried out in accordance with ISO 6892-1. The
speed of testing, as determined with a free-running cross-head, shall not exceed 10 mm/min up to 50 %
of the proofload Fp and 3 mm/min beyond.

The proof load specified in Table 5 for nuts with coarse pitch thread and in Table 6 for nuts with fine
pitch thread shall be applied, however exceeding the proof load value shall be minimized. The proof
load shall be maintained for 15 seconds, and then released.

The nut shall be removed using the fingers from the test mandrel. It can be necessary to use a manual
wrench to start the nut in motion, but the use of such a wrench is permissible only to a half turn.

©1S0 2022 - All rights reserved 13
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10.1.6 Testresults and requirements

The nut shall resist the proofload specified in Table 5 or 6 without failing, i.e. without significant plastic
deformation, thread stripping, cracking or fracture.

Nuts without prevailing torque feature shall be removable using the fingers after the release of the
proofload (and, if necessary, after a half turn maximum with a wrench).

Failure mode and the use of a wrench shall be documented in the test result.

In case of dispute, the tensile proof load test in accordance with Figure 2 a) shall be the reference test
method for acceptance.

10.2 Hardness tests

10.2.1 Genpral
Hardness test procedures are specified in 10.2.4 to 10.2.7.

Optional routine inspection described in 10.2.4 may be carried out to moniterthe nut manufactpiring
process.

In case of dispute, only the hardness test procedures specified in 10.2¢5'to 10.2.7 shall apply. Har¢lness
requirements for acceptance of nuts are specified in 10.2.8 for non-quénched and tempered nuts (NQT),
and in 10.2.9 for quenched and tempered nuts (QT). Table 12 summarizes hardness requirements for
nuts.

Table 12 — Summary of hardness requirements

Subclause || Characteristic Requirement for NQFnuts Requirement for QT nuts
(10.2.8) (10.2.9)
10.2.4 Routine tests Not valid in case of dispute
for hardness
10.2.5 Hardness in Maximum hardness Minimum and maximum hardness
I the thread in accofdance with Table 7 or 9 in accordance with Table 8 or 1D
1026 Hardness in Maximum hardness Minimum and maximum hardnéess
I the core imaccordance with Table 7 or 9 in accordance with Table 8 or 1D
1027 Uniformity No requirement Difference in hardness in the corejand
. of hardness qu hardness in the thread < 30 HY

10.2.2 Applicability

Hardness tests apply to nuts of all sizes and for all property classes.

10.2.3 Testtnrethods

Hardness shall be determined using the Vickers hardness test in accordance with ISO 6507-1, the
Brinell hardness test in accordance with ISO 6506-1, or the Rockwell hardness test in accordance with
ISO 6508-1.

10.2.4 Test procedures for routine inspection
These test procedures may be used for routine inspection only.
a) Hardness determined on the bearing surface

The hardness may be determined on one bearing surface of the nut, after removal of any coating and
after suitable preparation of the nut. Any appropriate hardness test method can be used. The hardness
readings should be located about 120° apart (see Figure 3).
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Figure 3 — Example of hardness determination on the bearing surface

ving test forces/scales may be used:

[ickers hardness test: 98 N minimum (HV 10);
rinell hardness test: HBW 2,5/187,5;

Lockwell hardness test: HRB or HRC.

[ardness determined on the transverse section

ness may be determined on the transverse section through the mid-thread height of
bn should be made with a suitable process where hrardness is not altered by excessiy
hardening, and the surface should be suitably*prepared. Any appropriate hardness
e used. Two sets of three readings should bé‘taken along the width across corners

F 180° apart (see Figure 4).
A-A
3
! 2
|
S S N A N | +_l_ A 1
|

ml2 +0,5P

positien of the hardness readings (next to the thread)

position of the hardness readings (core)

‘he nut. This
e heating or
test method
and located

3,6

T £l 1 | R H L o+l Al
POSTOOTT OT Tt CTar GIrC S STCatuTTg S (ITCATTO T CCOTIICT )

Figure 4 — Hardness determination on the transverse section

Following test forces/scales may be used:

— Vickers hardness test: 98 N minimum (HV 10);

— Brinell hardness test: HBW 2,5/187,5;

— Rockwell hardness test: HRB or HRC.
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Q) Alternative test methods used for production control

Hardness test procedures specified in 10.2.5 and 10.2.6 may also be used for production control, with
any of the test methods (Vickers, Brinell or Rockwell) specified in 10.2.3. Care shall be taken that the
minimum distance to any edge is in accordance with the relevant hardness standard.

10.2.5 Hardness determined in the thread
Nuts shall be tested as received.

Alongitudinal section shall be made through the axis and width across corners, with a suitable process
where hard essi i i e e-sh tably
prepared. Vi

kers hardness with test force in accordance with Table 3 shall be used.

Table 13 — Selection of appropriate test force for Vickers hardness test

Pitch of the nut thread Hardness test symbol
mm
0,8to0 1,75 HV1
2to4 HV 5

NOTE Vickers test force selection is based on the dimensions of the basic profile of
[SO metric thread and on the minimum hardness requirement forquts.

The hardness shall be determined by taking three readings at:three pitches, located at the fnajor
diameter of the nut thread D and at mid-thread height of the nut {see points 1, 2 and 3 in Figure 5)

The hardnegs value in the thread shall be the average of these'three readings.
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Key
1,2,3 hardness readings
D major thread,diameter

Figure 5 — Hardness determination in the thread
10.2.6—Hardness-determined-in-the-eore

Nuts shall be tested as received.

Hardness in the core shall be determined on a longitudinal section through the axis and width across
corners in accordance with Figure 6. This section shall be made with a suitable process where hardness
is not altered by excessive heating or work hardening, and the surface shall be suitably prepared.
Hardness test shall be performed using HV 10.
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Three readings in the middle of the core shall be taken (see points 1, 2and 3 in Figure 6). The har

value in the

10.2.7 Uniformity of hardness for quenched and tempered-nuts (QT)

Nuts shall bg

Uniformity ¢
the thread a

For the prop
both tests s}

10.2.8 Req

Not achievi
requirement

The maximujm hardness inthe thread determined in accordance with 10.2.5 shall meet the requirer

specified in |

The maximy
specified in |

pn of the hardness readings for hardness determination in the core
pr microstructure evaluation in accordance with 10.3

Figure 6 — Hardness determination in the core

rore shall be the average of these three readings.

b tested as received.

fhardness for quenched and tempered nuts'shall be determined by comparing hardn
5 determined in 10.2.5 and hardness incthe core as determined in 10.2.6.

er comparison of hardness in the ¢eré with hardness in the thread, hardness test forc
all be in accordance with Table 13.

uirements for non-quenched and tempered nuts (NQT)

hg the minimum hardness shall not be cause of rejection provided the proof
s in accordance witlp10.1.6 are met.

Fable 7 or 9.

m hardness in the core determined in accordance with 10.2.6 shall meet the requirer
Cable\7-or 9.

iness

PSS in

bs for

load

nents

nents

10.2.9 Requirements for quenched and tempered nuts {QT)

The hardness in the thread determined in accordance with 10.2.5 shall meet the requirements specified

in Table 8 or

10.

The hardness in the core determined in accordance with 10.2.6 shall meet the requirements specified

in Table 8 or

10.

The difference in hardness in the core and in the thread, determined in accordance with 10.2.7, shall not
be greater than 30 HV, as specified in 8.3.

18
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10.3 Steel microstructure

10.3.1 General
The purpose of the control of the steel microstructure is to ensure that:

— non-quenched and tempered nuts (NQT) have a non-quenched microstructure as specified in 7.4.1,

— quenched and tempered nuts (QT) have a uniform martensitic microstructure as specified in 7.4.2.

10.3.2 Applicability

This test applies to nuts of all sizes and for all property classes.

10.33 Test method
The nut shall be tested as received. Before sample preparation, removal of any-coating is recommended.

The Ilicrostructure shall be evaluated by an optical microscope on the-entire nut section|through the
width across corners, in accordance with 10.2.6 and Figure 6 (Key 4).

10.3/4 Test results and requirements

For nfon-quenched and tempered nuts (NQT), the requirement for the microstructure spedified in 7.4.1
shall|be met.

For quenched and tempered nuts (QT), the requirement of approximately 90 % martensitd specified in
7.4.2 shall be met.

10.4{ Retempering test

10.4.1 General
The purpose of this test is to checkthat the minimum tempering temperature has been achjieved.
This test applies to nuts havingthe following specifications:

— Jll sizes,

Q

Il quenched and-tempered nuts (whether they are mandatorily or optionally quenched and
empered).

(ol

This test shall\be applied only in case of dispute.

10.4.2cTest procedure

The nut shall be tested as received.

Alongitudinal section shall be made through the nut axis, with a suitable process where hardness is not
altered by excessive heating or work hardening, and the surface shall be suitably prepared. The Vickers
hardness shall be determined in the thread in accordance with 10.2.5 (see Figure 5).

The other half-nut shall be retempered by holding it for 30 minutes at a part temperature of 10 °C less
than the minimum tempering temperature specified in Table 3 or 4. After retempering and back to the
ambient temperature, the Vickers hardness shall be determined in the thread in accordance with 10.2.5

(see Figure 5).
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10.4.3 Test results and requirements

The average of the three hardness readings taken before and after retempering shall be compared. The
reduction of hardness after retempering, if any, shall be less than 20 HV.

10.5 Surface discontinuity inspection

The surface discontinuity inspection shall be performed in accordance with ISO 6157-2.

11 Marking and labelling

11.1 General requirements

Marking of nuts shall be included during the manufacturing process. They shall be marked prefefrably
on the top of the nut (i.e. at the opposite side of the bearing face) by indenting or emboSsing. The Height
of embossed marking shall not be included in the nut height dimension.

Nuts may algo be marked:
— on the flange for flanged nuts,
— on the s]de by indenting,

— on the chamfer, and in this case embossed marking shall not protrude beyond the bearing surface of
the nut,

— on one Qearing face by indenting, and in this case it shall'not impair functional properties.

Marking of the nuts consists of:

— the property class symbol, as specified in 11.2 01r'11.3,
and
— the manufacturer’s identification matk, ‘as specified in 11.4.

Nuts manufpctured in accordance(with the requirements of this document shall be designated in
accordance with the designationsystem specified in Clause 5 and shall be marked in accordance{ with
this Clause 11.

The designation system specified in Clause 5 shall only be used and marking shall only be affiged in
accordance with this Clause 11 when all applicable requirements of this document:

— material, heat tfeatment, chemical composition and steel microstructure as specified in Claude 7,

and

— mechanical and physical properties as specified in Clause 8,
are met, when tested in accordance with Clause 10.

For hot dip galvanized nuts with thread tolerance classes 6AX and 6AZ in accordance with ISO 965-5,
additional marking is specified in ISO 10684.

11.2 Property class marking symbols for nuts with full loadability

The property class marking symbols shall be as specified in the second row of Table 14 for nuts with
full loadability:

— regular hexagon nuts (style 1) and high hexagon nuts (style 2), and
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— other standardized or non-standardized nuts in accordance with this document (nuts with flange,
prevailing torque nuts, nuts per drawing, etc.) and with design thread height my, 4egign min = 0,73D
(see Table 1).

In case where the shape of the nut does not allow that marking, the alternative clock-face marking

symb

ols specified in the third row of Table 14 shall be used.

Table 14 — Property class marking symbols for nuts with full loadability

(e.g. regular and high nuts)

Property
5 6 8 10 12
Flaaa
Mprking 5 6 8 10 12
symbol

Altd
clg

marking
symbol 2

rnative
ck face

a  The reference twelve o'clock position shall be marked either by the idenitification mark of the manufactu

rer or by a dot.

11.3
The

Property class marking symbols for nuts with-reduced loadability

roperty class marking symbols (including the preceding digit “0”) shall be as specifie

for niits with reduced loadability:

fonl

—

hin nuts (style 0), and

ther standardized or non-standardized nuts in accordance with this document and

hread height 0,40D < my, 4egign min ='0,73D (see Table 1).
Table 15 — Property class marking symbols for nuts with reduced loadability (e.g.
Property class 04 05
Marking symbol 04 05

The 4

lternative clogksface marking of Table 14 is specified for full loadability only, it shall

for nnits with reddéed loadability.

11.4
The 1

Manufacturer’s identification mark

hanufacturer’s identification mark shall be included during the manufacturing proces

d in Table 15

with design

thin nuts)

not be used

s on all nuts

whic

- 111 1 1 LR R | 4 1 h P |
IS1IdIT DT IHIIdTREU WILITUIC DIUPTT LY UldsSS Sy IHITU UL

A distributor who distributes nuts that are marked with its own identification mark shall be considered

to be

11.5

the manufacturer.

Nut marking

All nuts in accordance with this document shall be marked with the property class marking symbol
in accordance with either 11.2 or 11.3, and with the manufacturer's identification mark in accordance
with 11.4. Nuts shall be marked preferably on the top of the nut (i.e. at the opposite side of the bearing

face).

©ISO

Examples are shown in Figures 7 to 9.
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>
-

b
N —_

Key
1  manufacfurer's identification mark

2 property|class symbol (full loadability)

Figure 7 — Examples of marking for hexagon nuts with full loadability

3 ﬁ%§2

O

+
A

Key

1 manufacturer's identification mark

2 referencg twelve o'clock poSition marked by a dot

3 property|class symbol ffullloadability)

4  referencg twelve o'clo¢k position marked by the manufacturer's identification mark (replacing the dot)

Figure 8 —+ Examples of marking with clock-face system for hexagon nuts with full loadability

For nuts with reduced loadability, the property class symbol specified in Table 15 shall be used (see
Figure 9).
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Key
1 manufacturer's identification mark
2 property class symbol (reduced loadability)

Figure 9 — Examples of marking for hexagon nuts with reduced loadability

Nuts|with left-hand thread in accordance with this document shall additionallysbe marked with a left
pointling arrow, see Figure 10. It shall be located at the same face as the pBeperty class jnarking and
prefegrably on the top of the nut.

Figure 10 — Examples ofimarking for left-hand thread

Alterpnative groove marking for left-hand thread as specified in Figure 11 may also be used| for hexagon
nuts.

[%,]
ol B B
S
0
m/2 m/2

s width.across flats

m ut hmghf

Figure 11 — Alternative groove marking for left-hand thread

11.6 Marking of the packages (labelling)

All packages for all types of nuts of all sizes and for all property classes in accordance with this
document shall be marked through labelling. The labelling shall include at least:

— the manufacturer's and/or distributor’s identification and/or name, and

— the property class symbol in accordance with 11.2 for nuts with full loadability, or the property
class symbol in accordance with 11.3 for nuts with reduced loadability, and
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— the manufacturing lot number, as specified in ISO 1891-4.

For hot dip galvanized nuts with thread tolerance classes 6AX and 6AZ, additional information is
needed for labelling and designation, as specified in ISO 10684.
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