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Foreword

42:2022(E)

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 procedures used to develop this document and e intended fo irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriam

e [SO list of patent declarations received (see www.iso.org/patents).

Any t
const

Fade name used in this document is information given for the convenience of users
tute an endorsement.

For
expr
the
ww

ssions related to conformity assessment, as wellvas information about ISO's

iso.org/iso/foreword.html.

This
coatings, in collaboration with the European.Gommittee for Standardization (CEN) Technic

CEN/[FC 185, Fasteners, in accordance with-the Agreement on technical cooperation bety

CEN ([Vienna Agreement).

This
revise

ourth edition cancels and replaces the third edition (ISO 4042:2018), which has bee
bd. The main changes are as follows:

—

fasteners have precedence over other documents dealing with electroplating;

oo

cument fordthe purpose of fasteners;

|

1

=

hrdened screws have been completely revised;

im 674, the reference areas for thickness determination have been more clearly specifie

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody

q

orld Trade Organization (WTO) principles im~the Technical Barriers to Tradg

ocument was prepared by Technical Committee ISO/TC 2, Fasteners, Subcommittee §

i Clause 1, a statement hds been added that the requirements of this document for §

| references to 150 2081 and ISO 19598 have been removed because I1SO 4042 is a se

4.4, thenmeasures to prevent internal hydrogen embrittlement for nuts, flat washe

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

explanation of the voluntary nature of standards)the meaning of ISO specific terms and

dherence to
(TBT), see

C 14, Surface
] Committee
yeen ISO and

n technically

tlectroplated

If-containing

brs and case-

d;

topics.

wording in the whole document has been improved to be more accurate, especially for complex

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

ISO 4042:1999 was completely revised to take into account new developments related to hexavalent
chromium free passivations, application of sealants and top coats, requirements for functional

properties as well as results of research work to minimize the risk of hydrogen embrittlement.

revision was published in 2018.

This

The last editions of ISO 2081:2018 as well as ISO 19598:2016, which are general standards for

electroplating, are not adequate to cover the requirements for electroplated fasteners dealt w

ith in

ISO 4042, especially with regard to hydrogen embrlttlement and baking. Therefore, a new revision

of ISO 4042:
contradictionms.

For electroplated nuts, flat washers, and case-hardened screws, measures to mitigate)the r
hydrogen embrittlement, especially in relation to baking, have been revised to be consistent

revisions of [ISO 898-2 and ISO 2702, and to reflect findings from the latest research works.

electroplated flat washers in accordance with ISO 898-3, it is generally accepted \that tensile
resulting frgm intended and unintended bending in service may increase-the risk of hyd
embrittlement. An appropriate test method to simulate such a scenario is curréntly under investig

id any

sk of
with
For
btress
rogen
ation.
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Fasteners — Electroplated coating systems

1 Scope

This document specifies requirements for steel fasteners with electroplated coatings and coating
systems. The requirements related to dimensional properties also apply to fasteners made of copper or
copper alloys.

It aldo specifies requirements and gives recommendations to minimize the riskljof hydrogen
embrittlement, see 4.4 and Annex B.

It majnly applies to fasteners with zinc and zinc alloy coating systems (zinc, zinc-nickel, zfinc-iron) and
cadmjum, primarily intended for corrosion protection and other functional properties:

— with or without conversion coating,

— with or without sealant,

— with or without top coat,

— with or without lubricant (integral lubricant and/or subsequently added lubricant).

Specifications for other electroplated coatings and coating systems (tin, tin-zinc, coppei-tin, copper-
silver] copper, silver, copper-zinc, nickel, nickel-chremium, copper-nickel, copper-nickgl-chromium)
are irlcluded in this document only for dimensionalirequirements related to fasteners with ISO metric
threafs.

The requirements of this document for electroplated fasteners take precedence over othdr documents
dealimg with electroplating.

This dlocument applies to steel bolts, screws, studs and nuts with ISO metric thread, to other threaded
fasteners and to non-threaded fasteners such as washers, pins, clips and rivets.

NOTE Electroplating is also.applied to stainless steel fasteners, e.g. for the purpose of lubricatfon in order to
avoid palling.

Inforination for desigfi-and assembly of coated fasteners is given in Annex A.

This document doesnot specify requirements for properties such as weldability or paintability.

2 Normative references

The f'\”nmring documents are referred to in the text in such a Wway 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.

ISO 1456, Metallic and other inorganic coatings — Electrodeposited coatings of nickel, nickel plus
chromium, copper plus nickel and of copper plus nickel plus chromium

ISO 1463, Metallic and oxide coatings — Measurement of coating thickness — Microscopical method
ISO 1502, ISO general-purpose metric screw threads — Gauges and gauging
[SO 1891-2, Fasteners — Terminology — Part 2: Vocabulary and definitions for coatings

[SO 2082, Metallic and other inorganic coatings — Electroplated coatings of cadmium with supplementary
treatments on iron or steel

©1S0 2022 - All rights reserved 1
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ISO 2093, Electroplated coatings of tin — Specification and test methods

ISO 2177, Metallic coatings — Measurement of coating thickness — Coulometric method by anodic

dissolution

ISO 2178, Non-magnetic coatings on magnetic substrates — Measurement of coating thickness — Magnetic

method

[SO 3497, Me

tallic coatings — Measurement of coating thickness — X-ray spectrometric methods

ISO 3613, Metallic and other inorganic coatings — Chromate conversion coatings on zinc, cadmium,
aluminium-zinc alloys and zinc-aluminium alloys — Test methods

ISO 4521, M
engineering [

ISO 8991, De
ISO 9227, Cor

ISO 15330, A
surface meth

ISO 15726, M

ISO 16047, Fasteners — Torque/clamp force testing

[SO 16228, Fi

[SO 21968, N
of coating thi

ASME B18.6.

3 Terms

For the pury
apply.

ISO and [EC faintain terminology databases for use in standardization at the following addresses:

ISO Onli
IEC Elec

31
reference p:

btallic and other inorganic coatings — Electrodeposited silver and silver alloy codtin
urposes — Specification and test methods

Kighation system for fasteners
rosion tests in artificial atmospheres — Salt spray tests

asteners — Preloading test for the detection of hydrogen embrittlement — Parallel bd
bd

etallic and other inorganic coatings — Electrodeposited zin¢ alloys with nickel, cobalt o

1steners — Types of inspection documents

on-magnetic metallic coatings on metallic and won-metallic basis materials — Measur
ckness — Phase-sensitive eddy-current metheod

3, Machine Screws, Tapping Screws, andMetallic Drive Screws (Inch Series)

and definitions

oses of this document, the,terms and definitions given in ISO 1891-2 and the foll

he browsing platform: available at https://www.iso.org/obp

ropedia;available at https://www.electropedia.org/

inel

reference m

gs for

aring

I iron

ement

bwing

terial that is to be exposed to check the corrosivity level of the test cabinet us

bd for

fastener testing

4 General characteristics of the coating

4.1 Coating metals or alloys and main purposes

Electroplated coating systems for steel fasteners are primarily applied for corrosion protection and
functional properties, such as torque/clamp force relationship.

In addition, other functional properties or decorative properties can be specified; see Annex A.

© IS0 2022 - All rights re
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Commonly used electroplated coatings for fasteners are given in Table 1 along with their main
purpose(s). Additional information, such as designation or decorative aspects, can be found in other
relevant [SO standards listed in the last column of Table 1.

Table 1 — Electroplated coatings in accordance with their main purpose(s) and related

ISO standards
Coating metal(s) Main purpose
Nature of the coating ISO standard
Symbol Element for fasteners
Zn Zinc Metal P/D/F —
ZInNi Zinc-nickel Alloy P/D/F ISQ 15726
ZinFe Zinc-iron Alloy P/D/F ISP 15726
Cd Cadmium 2 Metal P/F IS0 2082
INi Nickel Metal D/F IS0 1456
Nj+Cr Nickel+chromium Multi-layer D [S0 1456
Cy+Ni Copper+nickel Multi-layer D IS0 1456
Cu+Ni+Cr Copper+nickel+chromium Multi-layer D IS0 1456
CuZn Brass Alloy D —
CuSn Copper-tin (bronze) Alloy F —
Cu Copper Metal F/D —
Ag Silver Metal F/D IS0 4521
ChAg Copper-silver Alloy F —
Sn Tin Metal F IS0 2093
ShZn Tin-zinc Alloy F/P —

P cqrrosion protection
F  fynctional properties
D dgcorative properties (colour, aspect)

a2 Cadmium is restricted or prohibited‘fer many applications (remaining cadmium users are predominantly military and
aerospace industries).

4.2 |(Build-up of basige electroplated coating systems

Figure 1 shows basie-€lectroplated coating systems.

©1S0 2022 - All rights reserved 3
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5
3 4 Additional lubricant
2 Additional lubricant
1 Conversion coating Conversion coating Conversion coating Conversion coating
Metal layer(s) Metal layer(s) Metal layer(s) Metal layer(s) Metal layer(s)
Basis metal Basis metal Basis metal Basis metal Basis metal

only metdl layer(s)
metal laygr(s) + conversion coating

1

2

3 metal lay¢r(s) + conversion coating + additional lubricant
4  metal layer(s) + conversion coating + sealant/top coat

5

metal laygr(s) + conversion coating + sealant/top coat + additional lubricant
Figure 1 — Basic electroplated coating systems (schematic)

A conversion| coating increases corrosion protection on zinc, zinc alley ‘and cadmium coatings. It i
a passivatior} (chromium VI free) or a chromatation (chromium Vh¢ontaining). The conversion c
can also proyide better adhesion for additional layer(s) and/or.&dditional colour/paint.

An additional sealant/top coat (with or without integral lubricant) may be chosen to increase corf
resistance anpd/or to achieve other specific properties (e:g/torque/clamp force properties, resista
chemicals, mlechanical resistance, aspect, colour, thexmal stability, increased electrical resistang
radiation registance). The selection of the nature.of a'sealant or top coat should be based on the d¢
additional prjoperties.

An additiona|l lubricant may be applied to,adjust or amend the torque/clamp force relationship.

NOTE Elgctroplating is also applied oh stainless steel fasteners, e.g. for the purpose of lubrication in ot
avoid galling.

4.3 Coating systems and-coating processes

The type and geometry df'the fastener should be considered when selecting a coating system ar
related coatipg process (See Annex A) as well as hydrogen embrittlement considerations (see Ann

The electropllating.process shall be under control, in accordance with a recognized standard an
specification/by’agreement with the purchaser. Recommendations for supplemental process verifi

lay be
ating

osion
hce to
e, UV
psired

der to

1d the
ex B).

1 /or a
ration

with regard to’internal hydrogen embrittlement are given in 4.5 and B.4.
4.4 Internal hydrogen embrittlement

4.4.1 General

The three following conditions shall be concurrently present for fasteners to generate a risk of Internal

Hydrogen Embrittlement (IHE), see also Annex B:
— high tensile strength or high hardness, including case-hardening;
— tensile stress, including residual tensile stress;

— atomic hydrogen absorbed by the steel.

4 © IS0 2022 - All rights re
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The susceptibility to IHE increases with increasing hardness of the fastener. Appropriate measures for
prevention of IHE for quenched and tempered fasteners depending on hardness are specified in Table 2.

Table 2 and 4.4.2 to 4.4.4 provide the general guidelines for measures related to IHE as a function of
hardness.

The general guidelines of Table 2 are translated in 4.4.5 and 4.4.6 into normative requirements
applicable specifically to each type of fasteners in relation to its property class (see Tables 3 to 5) or its
core hardness (see Tables 6 and 7). These specific normative requirements are based on both hardness
and the degree of tensile stress experienced by each type of fasteners by its design and function.

Tahla 2 Mln.-"- neroac nnl—ﬂ-n.-l o lHE for auanchad and tammnarad foctanaxc
Ta016—= €a5SHTFeSs et toHrrteor-quenReneaahna temperearasteners

with regard to hardness 2

360 HV 390 HV

A

No sypplemental process verification
or product testing
with regard to [HE

B

Supplemental process verification
and/or product testing
with regard to [HE

C

Supplemental procesq verification
and/or product testing
with regard t¢ IHE

AND OR AND
Baking
No baking necessary Baking (baking temperature aind duration

shall be specified)

At the discretiofyof the
fastener manufacturer

See 4.4.2 See-4.3 and B.6
2 For1| fasteners work hardened to high hardness,see 4.4.7 and B.5.

See 4.4.4 and|B.6

4.4.2| Fasteners with hardness up t0-360 HV

Wher electroplating quenched and tempered fasteners with specified maximum hardnessjup to 360 HV
(A in [Tables 2, 3, 4 and 5), no supplemental process verification with regard to IHE and rjo baking are
necesfsary.

4.4.3| Fasteners with hardness above 360 HV and up to 390 HV

Wher] electroplatiigg )quenched and tempered fasteners with specified maximum hardness above
360 HV and up te.and including 390 HV (B in Tables 2, 3 and 5), at the choice of the fastener manufacturer
bakinlg is not required provided supplemental process verification and/or product testing with regard
to IHE have been performed.

. In case of a

d such failure:
the metallurglcal and phy51cal condltlons of the fastener material should be 1nvest1gated for non-
conformances. For more information, see B.2 and B.4.

4.4.4 Fasteners with hardness above 390 HV

When electroplating quenched and tempered fasteners with specified maximum hardness above
390 HV (Cin Tables 2 and 3), baking is required; see B.4 for minimum recommended baking temperature
and duration.

The following exemptions apply:

— for fasteners which are not specified to be under tensile stress by design or standard (e.g. set screws
in accordance with ISO 898-5), baking is not required (see B.2);

© IS0 2022 - All rights reserved 5


https://standardsiso.com/api/?name=24cebe97fdd398e43a3d59bd4f15da35

ISO 4042:2022(E)

— induction hardened ends (e.g. for thread forming screws) shall not be considered for determining
measures related to IHE in relation to Table 2, because they are normally not subjected to tensile
stress provided that the end protrudes through the mating thread;

— alkaline zinc-nickel electroplatings with nickel content of 12 % to 16 % present a lower risk of IHE
(see B.3), therefore it is possible to avoid baking; the decision to not carry out baking shall be based
on testing (see B.6) and be agreed between the supplier and the purchaser.

NOTE1  Alkaline zinc-nickel electroplating processes with typical nickel content of 12 % to 16 % are also
known as “low hydrogen embrittlement” processes (LHE) in the aerospace industry, see B.3.

NOTE 2  For acid zinc-nickel electroplatings, studies have shown similar benefits as for alkaline zinc-nickel
electroplatings, however more data are necessary to confirm baking avoidance.

4.4.5 Fasteners in accordance with ISO 898-1, ISO 898-2 and ISO 898-3
For fastenerg in accordance with ISO 898-1, ISO 898-2 and ISO 898-3, Tables 3, 4 and 5>-apply.

Taple 3 — Measures related to IHE for fasteners in accordance with.1ISO 898-1

Property[lass <109 109 12.9/12.9
A B C
No supplemental process Supplemental procéss Supplemental procgss
verification or product verification and/orproduct | verification and/or product
testing with regard to IHE | testing with regatd'to IHE | testing with regard tq IHE
Measures rjelated AND OR AND
to IHE ) \ )
No baking necessary Baking Baking &b
. At the chieice of the fastener L
manufacturer
See 4.4.2 See 4.4.3 and B.6 See 4.4.4 and B.6
2 For alkalirje zinc-nickel electroplatings with nickel¢ontent of 12 % to 16 %, the decision to not carry out baking shall
be based on te§ting (see B.6) and be agreed between the supplier and the purchaser.
b For baking temperature and duration, see B.4,

[Table 4 — Measures.related to IHE for nuts in accordance with ISO 898-2

Property class <12
A

No supplemental process verification
or product testing with regard to IHE

AND

No baking necessary &b

Measures related to IHE

C A4
OJCCT T.T.4

a  Investigations have shown that tensile stress in critical areas of nuts (including nuts with flange) is
always lower than tensile stress in the thread of the mating bolts, screws or studs with corresponding
property class (see measures related to IHE in Table 3); nuts in accordance with ISO 898-2 (all property
classes) always have a hardness less than 390 HV, therefore baking is not necessary.

b For all-metal prevailing torque nuts of property classes 10 and 12, supplemental process
verification or baking is required, at the choice of the manufacturer.

6 © IS0 2022 - All rights reserved
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Table 5 — Measures related to IHE for flat washers in accordance with ISO 898-3

Property class <300HV 380HV
A B
No supplemental process verification Supplemental process
or product testing verification and/or product
with regard to [HE testing with regard to IHE
Measures related to IHE AND OR
No baking necessary 2 Baking b
. At the choice of the
fastener-mantfacturer
See 4.4.2 Seed443

a W
bendi
bakin

bW
bendi
bakin

hen flat washers of property class 300HV are to be used in special applications (e.g. enlargedorslotte
g stress may be present, baking may be necessary and shall be required by the purchaser atthéetime d
b temperature and duration, see B.4.

hen flat washers of property class 380HV are to be used in special applications (e.g. enlarged or slotte
1g stress may be present, baking is necessary and shall be required by the purchaser at the time of
b temperature and duration, see B.4.

d holes) where
f the order. For

d holes) where
the order. For

4.4.6

Faste

-t

— thread-forming screws for metallic materials,

|
%]

— S

Meas

signifficant effect on IHE susceptibility~(see B.3).

Case-

a)

This
screw

As th

Meas

Case-hardened fasteners
hers where the surface is intentionally case-hardened to‘fulfil specific function(s) ing

pping screws (see ISO 2702),

lf-drilling screws (see e.g. ISO 10666),
crews for soft materials (e.g. plastic, wood).

ires related to IHE for case-hardened screws are based on core hardness, which

hardened screws are grouped into two different categories, a) and b).
Case hardened screws not designed for high clamp force

rategory includes tapping screws and self-drilling screws with thread according
s for soft matetigls, etc.

ires related to [HE for this category are specified in Table 6.

lude:

has the most

to ISO 1478,

bse screws are typically not designed for high clamp force, the risk of IHE is significaptly reduced.

NOTE

Non-threaded case-hardened fasteners not subjected to tensile stress by design (sy

ch as pins or

washers) do not need special measures related to IHE, unless specifically agreed between the purchaser and the
manufacturer for a particular application.

b)

Case hardened and tempered screws intended to be preloaded

This category includes case-hardened and tempered screws that form ISO metric mating threads
according to ISO 965-1 and other case-hardened and tempered thread-forming or self-drilling screws
intended to be preloaded.

Measures related to IHE for this category are specified in Table 7.

© IS0 2022 - All rights reserved
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Table 6 — Measures related to IHE for case-hardened screws
typically not designed for high clamp force

Core

h <360HV >360 HV and <390 HV >390 HV
ardness
Supplemental process Supplemental process Supplemental process
verification with regard to IHE | verification with regard to IHE | verification with regard to IHE
OR AND AND
Measures Product testing Baking @
related to IHE OR Product testing AND
and/or bak]ng Pl UduLt thtill fUl cd h
Baking S i

manufacturing lotb

At the choice of the fastener manufacturer

2 For baking

b For alkalir
of in-process c

temperature and duration, see B.4.

e zinc-nickel electroplatings with nickel content of 12 % to 16 %, product testing shal]l be\considered 3

ntrol (not mandatory for each manufacturing lot).

s part

Thble 7 — Measures related to IHE for case-hardened and tempered screws
intended to be preloaded
Core
<360 HV >360 HV and < 390 HV. >390 HV
hardness
Supplemental process Supplemental process Supplemental process
verification with regard to [HE | verification with regard to IHE | verification with regard to IHE
OR AND AND
Product testing Baking 2 Baking 2
Measures
related to IHE OR AND
Baking Product testing for earh

manufacturing lot b

At the choice of the fastener
manufacturer

Product testing solely at the
manufacturer’s choice

2 For baking

b For alkalir
of in-process c

temperature and duration, seé Bi4.

e zinc-nickel electroplatings with nickel content of 12 % to 16 %, product testing shall be considered 3

ntrol (not mandatory foereach manufacturing lot).

s part

When prody
accordance |

4.4.7 Wor

For fastener

ct testing withTegard to IHE is performed on case-hardened screws, it shall

vith ISO 15330 e ASME B18.6.3; see also B.6.

k hardened fasteners and fasteners with threads rolled after heat treatment

be in

5 not. intended to be quenched and tempered that are work hardened to high hardness
resulting in hi i e ess relief pri i 3

For fasteners with threads rolled after heat treatment (i.e. after quenching and tempering), the
measures in Table 3 for fasteners in accordance with ISO 898-1 shall apply without modification, as a
local increase of surface hardness by work hardening combined with residual compressive stress have
no negative impact on susceptibility to IHE.
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4.4.8 Fasteners with bainitic structure

Fasteners with bainitic structure are not addressed in 4.4. A written agreement between
and the purchaser with regard to [HE is necessary.

4.5 Baking

When baking is performed, baking conditions including temperature and duration shall

the supplier

be based on

fastener material properties, electroplating process, and coating material. See B.4 for more detailed

guideline/recommendations.

Baki

addit
temp
resist

uuuuuuuuu

onal sealant/top coat. In case of passivation (with or without sealant) and deperdi
brature, baking in the passivated and/or sealed condition may be suitable provid
ance is not impaired.

PrcotIoT O™ OV CToToOT t OOt

NOTE
condif
by ap
for prpcess control to evaluate the risk of IHE. These or other similar test ‘methods are used ajf
determnining if baking is required.

With proper care, many steel fasteners are electroplated without baking by corre
ions and coating material to the susceptibility of the fastener material to hydrogen embr

Howgver, prevention of the risk of IHE does not only depend on haking (see 4.4 and Annex

5 dorrosion protection and testing

5.1 |General

The ¢
thicki
zinc-1
white

orrosion protection of an electroplated coating system depends to a considerable ¢

ickel and cadmium coatings provide protection against coating metal corrosion
corrosion), thus providing additional protection against basis metal corrosion.

Metallic coatings such as zinc, zing alloys and cadmium are less electropositive than th
metal, which is the condition t6 provide cathodic protection. In contrast, metals more el
than the steel basis metal (é.gt nickel, copper, silver) cannot provide cathodic protectio
intensify corrosion of the fastener if the coating is damaged or pitted.

The frequency and d@ration of wetting and service temperatures, contact with corrosiy
and cpntact with other metals and materials (galvanic corrosion/contact corrosion), can
proteftive performance of coatings.

Corrgsion resistance is a product characteristic that can be reduced as a consequence of

plication of an

hg on baking
ed corrosion

ating process
ttlement, and

pblying adequate process control procedures. DIN 50969-2 and ASTM-~E1940 are recognfized methods

the basis for

B).

xtent on the

ness of the metal layer(s). Conversion ceatings and/or sealants and/or top coats on zinc, zinc-iron,

formation of

e steel basis
bctropositive
n, which can

re chemicals,
nfluence the

he following

— oxidation of the coating or reaction with the environment during transportation and storage.

Before selecting a coating system, all functions and conditions of the assembly should be considered
and not just the fastener; see Annex A. An appropriate choice for a given application should be made
between the purchaser and the fastener supplier and/or the coater and/or the chemical supplier.

Corrosion resistance in accelerated corrosion tests (e.g. neutral salt spray test, sulfur dioxide test)
cannot be directly related to corrosion protection behaviour in service environments. However,
accelerated tests are commonly used to evaluate the corrosion resistance of the coating system.
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5.2 Neutr

022(E)

al salt spray test (NSS) for zinc-based coating systems

The neutral salt spray test (NSS) in accordance with ISO 9227 is used to evaluate the corrosion
resistance of the coating system.

When evaluation of the cabinet corrosivity is requested, it should be performed in accordance with

Annex E.

The NSS test in accordance with ISO 9227 shall be used to monitor the consistency of the process by
quantifying corrosion resistance on sample fasteners taken periodically from the electroplating
process (i.e. in-process control). For these reasons, the NSS test shall be carried out on sample fasteners

in the “as-co
all steps of c

of damages f|

Purchasers

corrosion re
in the “as-re
transportati

When NSS td
applicable. T
COrrosion reg

The NSS test
to fasteners
NSS test dur

Contact poin

corrosion tes

Fasteners w

and/or betw

behaviour. T

these areas qluring the corrosion test and should not be cause for rejection. In service, these are
normally not

NOTE Fo
riveting, etc.),

10

ated” condition. The “as-coated” condition is defined as the condition after complet

ion of

pbating (including application of any sealant, top coat or lubricant) without the oceuy
rom the factors listed in 5.4, i.e. before any sorting, packaging, transportation or stoy

bften wish to conduct their own NSS testing on fasteners they receive, -to ev

Ceived” condition, i.e. after the occurrence of possible damages from serting, pack
bn and/or storage.

sting of fasteners is performed in the “as-received” condition, the values of Table 8 a
hey should rather serve as a starting basis, and the factors‘that cause a reduction
istance should be taken into account, see 5.4.

duration specified in Table 8 for coating systems with:Cr(VI)-free passivations shall

ition of zinc coating systems with chromate convetSion coatings, see Annex C.

Is of fasteners with a holding fixture, if any, shall not be considered in the evaluation
t.

th one or more captive washer(s) have areas between the mating fastener and wj
een the washers with less coating thickness, due to intrinsic electrochemical depo|
his is similar for fasteners with blind holes. Both result in reduced corrosion resista

exposed to environmental-eorrosion.

corrosion resistance-is.reduced in the deformed area.

rence
age.

hluate

cistance and/or for supplier monitoring. In such cases, corrosion resistante is evaluated

hging,

e not
pf the

apply

n the “as-coated” condition and shall be carried out’nho sooner than 24 h after coating. For

of the

asher
sition
nce in
NS are

fasteners intended to,be'subjected to a high level of plastic deformation after coating (crifnping,
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Table 8 — Corrosion resistance for commonly used zinc and zinc alloy coating systems

Minimum neutral salt spray test duration ?2
for barrel coating P
h
Zinc based coating system ( ('Irogle 11) No coating No basis metal corrosion
see Table
metal corrosion (red rust)
(white Coating thickness
corrosion) 5 um 8 um 12 um
Zn, transparent passivated ¢ Zn/An/TO 8 48 72 96
Zn, irjdeseentpassivated- ZRf /10 72 120 192 240
Zn, irJdescent passivated, sealed ¢ Zn/Cn/T2 120 168 240 288
Zn, blpck passivated, sealed Zn/Fn/T2 24d 72 144 192
ZnFeiridescent passivated ¢ ZnFe/Cn/TO 96 144 216 264
ZnFe |iridescent passivated, sealed ¢ ZnFe/Cn/T2 120 216 288 360
ZnFe,|black passivated, sealed ZnFe/Fn/T2 964 192 240 312
ZnNi,[iridescent (silver grey) passivated ZnNi/Cn/TO 120 480 720 720¢
ZnNj,|iridescent (silver grey) passivated, |ZnNi/Cn/T2 168 600 720 720¢
sealedl
ZnNj,|black passivated ZnNi/Fn/TO 48 360 600 720¢
ZnNj,|black passivated, sealed ZnNi/Fn/T2 1204 480 720 720¢

a

fasten

Miinimum neutral salt spray test duration shall not be regardedras a direct guide for the corrosion resis

ers in all environments where they might be used, see 1SQ:9227.

tance of coated

b With a rack electroplating process, the effect of possible damage to coating is reduced and therefore increased
corrogion resistance can be achieved.

¢ Black spots shall not be cause for rejection becauseithey do not impair corrosion resistance, see A.1.4.4.

d White haze is not considered as white corrosion; see A.1.4.2.

¢ Typically higher corrosion resistance is achieved, however for the purpose of this document, corr¢sion tests are
stopp¢d after 720 h.

See also 7.3 for corrosion resistance related to temperature.

5.3 |Sulfur dioxide test (Kesternich test)

The qulfur dioxide test/in a humid atmosphere (also called Kesternich test) is intended for outdoor
building fasteners with zinc-based coating systems. When required, the sulfur dioxide t¢st is used to
evalupte the corrosion resistance of the coating systems, and the test shall be carried out with 2,0 litres

volume of SQ3.See for example method B of ISO 22479.

This test\is used to monitor the consistency of the process by quantifying corrosion resistance on
samplefasteners taken periodically from the electroplating process (i.e. in-process control). For these
reasons, the sulfur dioxide test shall be carried out on sample fasteners in the “as-coated” condition and
no sooner than 24 h after coating.

The “as-coated” condition is defined as the condition after completion of all steps of coating (including
application of any sealant, top coat or lubricant) without the occurrence of possible damages from the
factors listed in 5.4, i.e. before any sorting, packaging, transportation or storage.

The minimum number of cycles shall be agreed between the supplier and the purchaser at the time of
the order (i.e. 2, 5, 8, 10, 12, 15 cycles, etc.).

Contact points of fasteners with a holding fixture, if any, shall not be considered in the evaluation of the
corrosion test.

Fasteners with one or more captive washer(s) have areas between the mating fastener and the washer
and/or between the washers with less coating thickness, due to intrinsic electrochemical deposition
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behaviour. This is similar for fasteners with blind holes. Both result in reduced corrosion resistance in
these areas during the corrosion test and should not be cause for rejection. In service, these areas are
normally not exposed to environmental corrosion.

NOTE For fasteners intended to be subjected to a high level of plastic deformation after coating (crimping,
riveting, etc.), corrosion resistance is reduced in the deformed area.

5.4 Bulk handling, automatic processes such as feeding and/or sorting, storage and
transport

Bulk handling, automatic processes such as feeding and/or sorting, storage and transport can cause a
significant r i ' i ' i i T psion)
depending on the coating system and the type and geometry of the fasteners. This can especiallyyoccur
for Cr(VI)-free coating systems where less self-healing effect takes place and/or where séalants/top
coats are serlsitive to impact damage and/or abrasion.

If corrosion |protection is to be checked after any of these or similar processes/process steps, an
agreement should be reached between the supplier and the purchaser, e.g.:

— reducing the minimum resistance to corrosion in testing,
— adjusting coating parameters,
— increasing the thickness of the coating system, and/or

— selecting another type of electroplated coating system.

6 Dimenpional requirements and testing

6.1 Generfal

Before coating, all fastener dimensions shall be:within the tolerances specified in product standatds or
technical spgcifications.

6.2 Fastenmers with ISO metric thread

6.2.1 Coating thickness

Coating thicnesses which €an'be applied on ISO metric threads in accordance with ISO 965-1, ISO P65-2
or ISO 965-3|depend on thé fundamental deviation available, which itself depends on the thread apd the
following tolprance pgsitions:

— g, forefpr external threads,

— HorG fdrinternal threads

For more information, see Annex D.

Coating thickness has a significant influence on gaugeability and assemblability, therefore thread
tolerance and clearance in the thread shall be considered. The coating shall not cause the zero line
(basic size, i.e. h/H) to be exceeded in case of external threads, nor shall it fall below in the case of
internal threads; see D.5.

If a coating thickness that exceeds the available clearance is desired, special requirements shall apply;
see Annex D.
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6.2.2 Gaugeability and assemblability

Coated ISO metric threads shall be gauged with a GO-gauge in accordance with ISO 1502 of tolerance
position h for external threads and H for internal threads.

When gauging coated threads of bolts, screws and studs, a maximum torque of 0,001d3 (Nm) on a length
of 1d, beginning from thread end, is acceptable. When gauging coated threads of nuts, a maximum
torque of 0,001D3 (Nm) is acceptable. See Table 9.

Table 9 — Maximum torque for gauging of coated ISO metric threads

Nominal thread diameter Maximum torque for gauging
dor D
mm Nm
3 0,03
3,5 0,04
4 0,06
5 0,13
6 0,22
7 0534
8 0,51
10 1,0
12 1,7
14 2,7
16 4,1
18 5,8
20 8,0
22 11
24 14
27 20
30 27
33 36
36 47
39 59
For other diameters, the torque shall be calculated in accordance with
0,001d3 (Nm) or 0,001D3 (Nm), and rounded to two significant digits.
Accefjtancesprocedures for assemblability may be applied by agreement between the supplier and the
purchaser:

— for external thread, the use of a suitable nut or the original mating fastener;
— for external thread, the specification of the engaged thread length if more than 1d;

— for internal thread, the use of a suitable mandrel (e.g. the mandrel specified for proof load in
accordance with ISO 898-2) or the original mating fastener.

6.3 Other fasteners

After coating, there is no dimensional requirement in this document for other threaded fasteners and
for non-threaded fasteners. For additional information, see Annex A.
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6.4 Test methods for thickness determination

One of the following test methods shall be used to determine the local thickness of the metal layer(s):

In case of dis

X-ray techniques in accordance with 1SO 3497;

coulometric method in accordance with ISO 2177; this method should not be used when additional

non-con

ductive layers are present;

microscopic method in accordance with ISO 1463 (on any area(s) of the fastener);

magnetic inductive techniques in accordance with ISO 2178 (before application of any sealant and/

or lubrig

eddy cuprent (phase sensitive) testing in accordance with [SO 21968.

The thicknegs shall be determined on reference areas as follows:

For fastener;

for long

extremitlies, see Figure 2 a);

for nuts

Figures P b) and 2 c).

washer(s). Fqr special fastener shapes, the reference areas shallbe agreed.

See also NOTE 2.

14

arrt);this method camatso beused todetermine the totattocat thickmess;

pute, the microscopic method in accordance with ISO 1463 shall be used.

shaped fasteners (bolts, screws, studs, etc.), any flat surface.located at one of| their

washers, pins, rivets and other fasteners, any flat surface or other suitable areals, see

with captive washer(s), the reference area shall be<on the threaded fasteners, not ¢n the
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Key
1  rd

For 1
thick

NOTE

The c
comp
areas

c) Non-threaded fasteners

ference areas for local coating thickness determination

Figure 2 — Examples of reference areas forfasteners

ee washers and similar flat fasteners, corrosion resistance specified in Table 8 is dec
ness is given for guidance only.

1  For more information regarding coating uniforiity on washers and similar flat fastene

bating thickness of the metal layer(s), measured on the reference areas according to E
y with the minimum values of Table 10. Lawer local thickness in a location other th
shall not be cause for rejection.

Table 10 — Coating thickness for the metal layer(s)

E&

sive. Coating

I's, see A.3.4.

igure 2, shall
an reference

NOTE

©ISO

Designation for Minimum local thickness on
coating'thickness reference areas

pm
10 10
12 12
15 15
20 20
25 25
30 30

2 Electroplating can result in a non-uniform coating thickness, a phenomenon known as dog bone effect
whereby thickness is greater at external edges and reduced in cavities, see D.3. The choice of reference areas in
Figure 2 is a consequence of this phenomenon in order to facilitate a reproducible determination of the coating
thickness.

2022 - All rights reserved
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7 Mechanical and physical properties and testing

7.1 General

Electroplated coating systems shall comply with the provisions of ISO 1456, ISO 2082, ISO 2093,
ISO 4521 or ISO 15726 (see also Table 1) for the coating concerned in respect of appearance, adhesion
and ductility, together with the requirements specified in 7.2 to 7.5.

7.2 Appearance

The coated f

stener shall be free from blisters, delamination and uncoated areas which can adv.

affect the ca
functional pr

It is possiblg
coloured asp
be added to 5

Non-homoge
manufacture

7.3 Corro

Elevated ten

When agreed at the time of the order, the corrosion resistanee-may be tested after a specified h¢

cycle. Tempe|

zinc-based cpatings, after heating the fasteners at parttémperature for a specified cycle, the cort

resistance re

7.4 Torque/clamp force relationship

When requit
threads with
and/or subse

The test met
and/or in acq

The requirements for torgui€/clamp force relationship shall be agreed between the supplier ar

purchaser. S¢

7.5 Deter

rrosion protection. Local excess of coating (e.g. in case of top coats) shall not)i
operties (gaugeability, torque/clamp force relationship, etc.).

to add dyes/pigments to the passivation or chromatation solution in onder to §
ect to the conversion layer, often used for distinction purposes. Dyes/pigments ma
ealants/top coats to obtain coloured surfaces.

heous colour shall not be cause of rejection, unless otherwise€)agreed betwee
r and the purchaser at the time of order.

S5ion resistance related to temperature

perature can affect the corrosion protection of coatedfasteners.

rature and duration shall be agreed upon, e.g. 1\hat 120 °C, 24 hat 120 °C, 1 hat 150 °

quirements specified in 5.2 shall still be met.

ed, torque/clamp force relationship may be determined for fasteners with ISO 1
electroplated coating systéms including sealants and/or top coats with integral lub
quently added lubricant:

hod shall be agreed-between the supplier and the purchaser, in accordance with ISO
ordance with otherrelevant technical specifications.

pe A.2 for infermation.

mination of hexavalent chromium

ersely
mpair

rive a
y also

n the

bating
C. For
osion

netric
ricant

16047

d the

When requin

H, the presence or absence of (‘r(\”) shall bhe determined in accordance with ISQ 34

13 by

using the test solution C2 (destructive). However, for fasteners the surface is not about 50 mm x 50 mm
but shall be as close as possible to 2 500 mm?2.

16

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=24cebe97fdd398e43a3d59bd4f15da35

ISO 4042:2022(E)

8 Applicability of tests

8.1

General

All requirements specified in Clauses 5 to 7 apply as far as they are general characteristics of the
coating. When required by the purchaser, optional testing shall be agreed at the time of the order.

8.2

Tests mandatory for each lot

The following tests shall be carried out for each lot of fasteners:

.
o8] (o] Q

|
[<5)

8.3

The f
contr

— C

— i accordance with 4.4, supplemental process verification with regard to IHE.

8.4

The f
(see 8

o Aa

— 1

(g

9

o]

fioxide test (see 5.3);

[rque/clamp forcerélationship (see 7.4);

pbating thickness (see 6.4);
hugeability/assemblability of fasteners with [SO metric thread (see 6.2.2);

ssemblability for other fasteners (see 6.3);

bpearance (see 7.2).

Tests for in-process control

llowing tests are not intended to be applied for each fastenér lot but shall be used f
bl (see ISO 16426), when relevant:

brrosion resistance: NSS test (see 5.2);

Tests to be performed when specified by the purchaser

pllowing tests are performed when specifically required by the purchaser. In-pr¢
.3) may be used to supply test results’to the purchaser:

brrosion resistance: NSS test, (see 5.2) or alternatively and only when specifically req

pmperature resistance (see 7.3);

terminatiop-0f presence or absence of hexavalent chromium (see 7.5).

esignation system

DI in-process

cess control

uired, sulfur

9.1

General

A coating system can be built-up by a number of layers as shown in Table 11. However, not all layers
need to be present; see Figure 1.

© IS0 2022 - All rights reserved
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Table 11 — Key to designation for electroplated coating systems

Element Description Symbol | Designation
Basis metal Steel
Zinc Zn
Zinc-nickel ZnNi
Metal layer(s) Table 12
Zinc-iron ZnFe
(for other metal layers, see Table 1)
Transparent An
Iridescent tn
Cqnversion coating Black Fn Table 13 a
(plassivation) -
Yellow Gn
No conversion coating U
Sealant (see also A.1.3) T2
Top coat (see also A.1.3) T7
Sdalant/top coat Table 15
No sealant, no top coat TO
No lubricant nkL
Additional lubricant |Subsequently added lubricant T4 Table 15
a | For chromate conversion coatings, see Table 14.

9.2 Desigl

The designa
designation

accordance
coating desig

NOTE
only.

Th

For other elé
referenced i

When a streq
specified sep

If the compo
to the intend

hation of electroplated coating systems for'the order

fion of the coating shall be added to the-fdstener designation in accordance wit
system specified in ISO 8991. The elegtroplated coating system shall be designat
vith Table 11 and in the same order..A slash (/) shall be used to separate data fields
nation. See examples in 9.3.

b obsolete designation codes according to ISO 4042:19991) are given in Annex F for infory

ctroplated coatings, the designation shall be in accordance with the relevant stan
Table 1.

s relief process and/or baking is required, it shall not be included in the designation 1
arately.

sition of the'sealant, top coat and/or subsequently added lubricant is important in re
ed uses:the purchaser and the supplier shall explicitly agree on their chemical conte

the time of the order.

h the
ed in
in the

hation

dards

but be

lation
nts at

1) Withdrawn.
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Table 12 — Designation for electroplated coating systems in ordering fasteners

Electroplated coating system

Neutral salt

Torque/clamp force

e
Metal layer(s) Conversion Sealant, top coat s(i);:;’tz(e):t Specni?acz;mn,
Iﬁg?;i?fl Thickness ¢ coating and/or lubricant (red rust) ©
In In accordance In accordance In accordance Ueor [Specified range]
ZnNi 2 with Table 10 with Table 13 with e.g.480h or
ZnFe b or14 Table 15 K [specified range]

b 7
¢ T

a  Zinc-nickel electroplated coatings for fasteners have a typical content of 12 % to 16 % nickel by mass and are designated

by ZnTou M ISO 15726. If fUrther nickel CONtent 1S desired, See 150 15726.

nc-iron alloys are specified as 0,3 % to 1 % of iron by mass.

hickness can be replaced by minimum neutral salt spray test duration in accordance with Table

B: in this case,

¢ B
d A

uish can vary from light-blué tg dark iridescent blue, depending on the coating system.

so called thick layer passivation.

thickrless shall be omitted in the coating system designation, and corrosion resistance shall be|added at|[the end of the
designjation; see 9.3, Example 1.
d  The reference test method (e.g. ISO 16047) and options shall additionally be specified at'the time of the|order; see also
74anfl A.2.1.
Table 13 — Designation for hexavalent chromium freeconversion coatings
(only for zinc and zinc-alloy electroplated coatings)
Passivation @ Typical ¢
ical aspec
Cpde b Name P P
An Transparent Transparent, clear tobluish ¢
Cn Iridescent d Transparent, clearto iridescent
Fn Black Black, dark iridescent permitted
Gn Yellow Yellow to yéllow iridescent
U — No conyersion coating
a2 Nhnoparticles may be incorporated in all types of passivation to improve the aspect and/or functional properties.
b The first letter corresponds to the typeof conversion coating; the second letter (n) indicates no hexavallent chromium
in thelconversion coating.

Table(14— Designation for hexavalent chromium conversion coatings
(only for zinc and zinc-alloy electroplated coatings)

Chromate conversion coating .
Typical aspect
Code Name
A Clear Transparent, clear to bluish
C Iridescent Yellow iridescent
D Opaque Olive-green
F Black Black, dark iridescent permitted
U — No conversion coating

© IS0 2022 - All rights reserved
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Table 15 — Designation for sealants, top coats and/or lubricants

designation of

Code Name Requirement
- When no code T is specified, sealant or top coat can be applied
at the choice of the coater.
No sealant or top coat shall be applied (e.g. for applications
TO No sealant and no top coat where better adherence, conductivity, electrical contact or
welding is needed).
T2 Sealant 2 Sealgnt S}Lall be applied, it may be with or without integral
lubricant ®.
Lubricant or wax shall be applied.
T4 Subsequently added lubricant ¢ Lubricant can be applied directly on the metal layer,'orjon
the passivation, sealant or top coat.
A top coat shall be applied.
T7 Tap coat 2 Top coat is often used to e}chleve .partlcular
characteristics, e.g. chemical resistance, colour.
Top coat may be with or without integral lubricant .
. No integral lubricant shall be applied (this code shall be
nL N¢ lubricant added to T2 or T7, as relevant).
NOTE For more information about sealants and top coats, see A.1.3.
a  Sealant and top coat may be organic or inorganic, or a combination of both.
b When torque/clamp force relationship (e.g. range of friction coefficient) is‘\specified, integral lubricant or subseqpently
added lubricarft shall be applied as appropriate.
¢ When a sybsequently added lubricant is specified, the code T4 shall be placed after a slash and directly aftjer the

Lhe sealant or top coat; see 9.3, Example 4.

9.3 Exam
systems foj

When a mipimum corrosion resistance is “specified in the designation, the compatibility ¢

requirement
Table 8.

EXAMPLE 1
nickel content
to neutral sal
chromium fre
follows:

EXAMPLE 2

k spray test of 720-h without occurrence of basis metal corrosion (red rust), with a hexal

bles of designation of hexavalent ehromium free electroplated coating
 fasteners

with the coating system incliided in the designation shall be checked in accordancs

Fastener with an eleCtroplated coating (ISO 4042) of zinc-nickel alloy (ZnNi) with the t
of 12 % to 16 %, without required coating thickness but with a minimum corrosion resi

e iridescent conversion coating (Cn), with no specific sealant, top coat or lubricant, is design3

[fastener designation] - ISO 4042/ZnNi/Cn/720h

f the
with

ypical
tance
valent
ted as

Fastener with an electroplated coating (ISO 4042) of zinc (Zn) and a required coating thick

8 um, with he

kavalent chromium free transparent passivation (An), is designated as follows:

tlless of

EXAMPLE 3

EXAMPLE 4

designated as

20

[fastener designation] - ISO 4042/Zn8/An

Fastener with an electroplated coating (ISO 4042) of zinc (Zn) and a required coating thickness
of 12 um, with a hexavalent chromium free iridescent conversion coating (Cn), with a subsequent sealant with or
without integral lubricant (T2), is designated as follows:

[fastener designation] - ISO 4042/Zn12/Cn/T2

Fastener with an electroplated coating (ISO 4042) of zinc (Zn) and a required coating thickness
of 12 um, with a hexavalent chromium free black conversion coating (Fn), with a subsequent top coat (T7), with
a subsequently added lubricant (T4), and with a coefficient of friction p,; within the range of 0,10 to 0,20, is

follows:

[fastener designation] - ISO 4042/Zn12/Fn/T7/T4(,,.0,10-0,20)
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EXAMPLE5  Fastener with an electroplated coating (ISO 4042) of zinc (Zn) and a required coating thickness
of 8 um, with a hexavalent chromium free iridescent conversion coating (Cn), where a subsequent sealant is
prohibited (TO0), is designated as follows:

[fastener designation] - ISO 4042/Zn8/Cn/TO0

EXAMPLE 6  Fastener with an electroplated coating (ISO 4042) of zinc (Zn) and a required coating thickness
of 8 um, with a hexavalent chromium free black conversion coating (Fn), where a subsequent sealant is left to the
choice of the coater, is designated as follows:

[fastener designation] - ISO 4042/Zn8/Fn

EXAMPLE 7  Fastener with an electroplated coating (I1SO 4042) of zinc-nickel alloy (ZnNi) with the typical
nickel| content of 12 % to 16 % and a required coating thickness of 8 um, with a hexavalentychromium free
iridesgent conversion coating (Cn), and with no specific sealant, top coat, lubricant or térqae/clamp force
requillement is designated as follows:

[fastener designation] - ISO 4042/ZnNi8/Cn

9.4 |Designation of fasteners with electroplated coating systems for labelling
At lealst the following information shall be added to labelling, separatéd by a slash (/):

— 130 4042 for the electroplated coating system in accordanc€ with this document;

— the material of the coating, and the thickness of the metal layer(s) or minimum neutral salt spray
t¢st duration in accordance with Table 8;

— the conversion coating in accordance with Table 13 (the suffix n indicating that it doef not contain
hexavalent chromium) or with Table 14;

— the sealant, top coat and/or subsequently-added lubricant, if any, in accordance with Table 15.
EXAMPLE 1 [fastener designation] - ISO 4042/ZnNi8/Fn/T7/T4
EXAMPLE 2  [fastener designation] - ISO'4042/ZnNi/Fn/T7/T4/720h

10 Qrdering requirements for electroplating

Wher] ordering an electroplated coating system for fasteners in accordance with this dpcument, the
following informationsshall be supplied:

a) The referencetethis document (ISO 4042:2022);

b) The coating/designation (see Clause 9);

c) Theproperties of the fasteners relevant for the coating process, e.g. basis metal, surfdce condition,
hprdness, tensile strength and/or property class;

d) The stressrelieving conditions, if any, for stress relieving prior to electroplating;

e) For fasteners with ISO metric thread, the specific thread tolerance of the non-coated fastener
within a thread tolerance position, if any (after coating and in accordance with 6.2.2, the tolerance
position h/H applies);

f) The requirement, if any, for precautions to be taken against the risk of IHE, e.g. baking (see 4.4 and
4.5);

g) The requirements for torque/clamp force relationship, if any, and related test method (e.g.
[SO 16047), as agreed between the supplier and the purchaser;

h) Other requirements, if any (e.g. specific chemical composition of the sealant, top coat and/or
lubricant, chemical resistance, suitability for adhesives, electrical conductivity/insulation);
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i) The additional tests to be carried out, if any (see 8.4) and related sampling;

i) Requirements for test report, if any, in accordance with ISO 16228.

11 Storage conditions

Storage conditions shall not impair the torque/clamp force properties and corrosion resistance of the
coated fasteners (see also A.4).
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Annex A
(informative)

Design and assembly aspects for joints with coated fasteners

A1l

A.1.1| General

Befor

funct
shoul

Today

Design

d consult the supplier to determine the appropriate selection for a givertsapplication.

e selecting a coating system and in addition to the fasteners themselves, the;assémbly process, the
on(s) of the joint, the service environment, etc. should be considered; see<A.2.2. The purchaser

, Cr(VI) is widely restricted. It is therefore recommended to use exclusively Cr(VI)-frge conversion
coatimgs (passivations) for new applications.

For sg¢alants and top coats (see A.1.3), an integral lubricant or a-sGbsequently added lubrficant may be

chose

Corro

sion resistance and to achieve other specific properties and/or performances (

n to achieve torque/clamp force properties. Sealants and-\top coats may be chosen to increase

p.g. chemical

resistfance, mechanical resistance, impact/abrasion resistance, aspect, colour, thermdl resistance,

electyfical insulation/conductivity, UV resistance).

A.1.2 Coating process

Electroplated coating systems can be applieddn bulk process using barrels or in rack procgss. Top coats

areu

Electroplating for fasteners is generally a mass process. When lots of small quantiti

coate
perfo

ually applied using a dip-spin process.

bs are to be

, a suitable coating line and/or.process can be necessary to achieve the required prjoperties and
Fmances for the coated fasteners. For fasteners of large size or mass, or when the rjisk of thread

damalge is to be reduced or-avoided, rack processing instead of bulk/barrel processinmg should be

consi

Wher] top coats are applied, the curing process (especially with higher temperature a
duratfion) can have adetrimental effect on the properties/performances of fasteners, e.g.

— fi

— for fasteners with thread rolled after heat treatment where intentionally introduced re

Hered.

r work hardened fasteners,

ay’be'reduced,

nd/or longer

sidual stress

— for prevailing torque nuts with non-metallic insert.

A.1.3 Sealants and top coats

Sealants and/or top coats are generally intended to improve the corrosion resistance of zinc-based
coating systems. However, both show different characteristics:

— Asealant is usually applied in the wet state without drying prior to its application. This allows the
sealant to be partly incorporated in the passivation layer forming a composite layer, which improves
corrosionresistance. Sealants are also used for several other purposes such as lubrication, reduction
of the iridescence of passivation layers, matting or brightening effect, etc. The layer thickness is
typically about 0,5 um to 2 pm.
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— A top coat is usually applied in the dry state after an intermediate drying step. Top coats are often
used when particular requirements shall be met, such as incorporation of pigments to achieve
intensive colour (e.g. black), high chemical resistance, etc. The layer thickness is typically about
2 pmto 10 um.

Additional layers such as sealants, top coats and/or lubricants can accumulate in holes, recesses,
internal drives, cavities and at thread roots.

The selection of the nature of a sealant or top coat should be based on desired additional properties; see
A2.2.

A.1.4 Possible effects of rnnﬁng corrosion on appearance

A.1.4.1 Genperal
Neutral salt §pray testing in accordance with [SO 9227 leads to two kinds of corrosion products:

— coating forrosion of the zinc or zinc alloy layer, generally known as white-corrosion (or “white
rust”);

— basis mdtal corrosion, generally known as red rust.

Further optigal changes can occur in the initial phase of corrosion testing, such as a slight whitish film
known as wlhjite haze (or “grey veil”), or such as black spots.

A.1.4.2 White haze

White haze fesults from slight reaction of the test media:with the zinc, mainly occurring in natural
micro-crackg of the metal layer and/or the passivationJayer. In case of zinc-nickel alloy layers, white
haze stops fyrther corrosion and is considered to be the condition for the high corrosion resistange.

a) Zinc-nickel after 72 h NSS testing b) Zinc-nickel after 1 000 h NSS testing

LA

Figure A.1 — Examples of white haze in dry state

Typically white haze appears on zinc-nickel layers without or with transparent or iridescent passivation
after about 24 h to 72 h of corrosion testing; see Figure A.1 a). White haze can also appear on non-
alloyed zinc layers as well as zinc-iron or zinc-nickel alloy in combination with a black passivation layer
after about 24 h to 120 h of corrosion testing.

White haze may increase over time during the test duration (see Figure A.1 b)). It is not voluminous and
is not visible in the wet state, but only on dry parts; see Figure A.2.
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a) Part in wet state

in wet and dry state b‘Q

ritten agreement

b) Partin dry st%q()/
YV

Figure A.2 — Examples of white haze on a zinc-nickel layer after 72@NSS testing

b haze is a natural phenomenon in particular for zinc-nickel l?sy:@ and should be|accepted. In
bf higher requirements to cosmetic/decorative appearance, ES)

between the

purcHaser and the supplier is recommended. Q<<

A.1.4{3 White corrosion 0\\Q

In contrast to white haze, white corrosion of zinc and zigg alloy layers results from extensjve corrosion
of the coating metal, is more voluminous and can be ady identified in the wet state of fhe parts; see
Figures A.3 and A.4.

a) White corro %
la fter 240 h NSS testing

e

7o)

of iridescent passivated zinc b) Severe white corrosion of iridescent passi-

Figure A.3 — Examples of white corrosion

vated zinc layer after 480 h NSS|testing
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8 33

Key
1  white corfosion
2 white hage

a) Parts in wet state b) Same parts in dry state
(only white corrosion is visible) (white haze and white corrosion visible)

Figure A.4 -~ Examples of white corrosion and white haze on a zinc layer with black passivation

and transparent sealant after 240 h NSS testing

A.1.4.4 Black spots

Black spots |can appear during accelerated corrosion testing before initial occurrence of cgating

corrosion; s¢e Figure A.5. Main root cause are micro-defects of the basis metal and/or the c
metal. Corropion media can migrate or be entrapped in:the basis metal and can cause corrosion

lack of oxygen, forming black corrosion products.

NOTE1  Other root causes for black spots exist but-are not fully investigated at this time.

ating
Linder

Black spots ghall not be cause for rejection beeause they do not impair corrosion resistance and dlo not

typically appgear under service conditions:
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a) Part after 168 h
NSS testing

b) Same part after 408 h
NSS testing
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layer
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NOTE 2  Arrows in Figure A.5 a) and b) indicate black spots.

A.2 Functional properties

A.2.1 Assemblability and mountability

In case of applying an additional top coat, sealant or lubricant by a dip-spin process, assemblability
and mountability should not be impaired, such as dimensional tolerances of the functional parts of the
fasteners, tool gripping (e.g. for retaining rings), tool insertion (e.g. for recess and internal drives), or by

interference with clearance holes.
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For dimensional requirements after coating for ISO metric threads, see 6.2 and Annex D.

The compatibility of the coating system with the tightening process should be considered, especially
with high-speed tightening e.g. 100 min! and above (risk of overheating, increase, decrease or
scattering of friction coefficients, stick/slip, etc.).

In addition, the compatibility of the coated fasteners with the clamped parts, e.g. tapped holes, clamped
parts in aluminium, magnesium, stainless steel, parts with electrophoretic coating, hot dip galvanized
parts, plastic, wood, should be considered.

For fasteners with ISO metric thread, at least one of the mating threaded fasteners should be lubricated
for a consistent torque/clamp force relationship in order to achieve a specific clamp force. Electroplated

coating syst
determined
a K-factor.

A.2.2 Other properties of joints with coated fasteners

A.2.2.1 Ch¢

If chemical 1
more resistal

A.2.2.2 Ele¢

The electricd
application @
with sealant

ems provide lubricated solutions (see A.1.1). Torque/clamp force relationship~c
n accordance with ISO 16047 and expressed as a coefficient of friction . or by mé

bmical resistance

esistance is required, organic top coats applied on electroplated coatings are typ
nt against acids and alkaline chemicals than inorganic top eodats or sealants.

ctrical conductivity

1l conductivity of electroplated coating systems Akith a sealant is generally sufficie]
f electrophoretic coatings and antistatic purposes. Electroplated coatings in combiy
5 and top coats are usually not suitable for electrical grounding.

hn be
hns of

ically

nt for
1ation

Also lubricants are not always suitable for electrical-grounding; the lubricant manufacturer shotild be

consulted for

A.2.2.3 Gal

In order to 1
fasteners an
parts should
carbon fibre
can improve

The most sul
system for th

A2.24 Cl¢

suitability.

vanic corrosion

educe the risk of galvanjescorrosion, all parts of the joint should be considered (o

be avoided, especiallyfor stainless steel, aluminium, magnesium, copper or copper 3
materials, and carbon filled rubber. Due to their higher insulating effect, organic top
the resistance against galvanic corrosion.

litable measufe to reduce the risk of galvanic corrosion is to select a coating or ¢
e fastenerywith the same or a similar electrical potential compared to the clamped p

anliness

oated

d clamped parts). A difect metal contact of coated fasteners with non-coated clamped

lloys,
coats

ating
arts.

For cleanliness requirements, the suitability of the electroplated coating system should be checke
dust, particle size, particle type, number of particles, applicability of cleanliness test methods).

A.3 Particular issues related to fasteners and coating processes

A.3.1 General

d (e.g.

The type of fasteners should be considered when choosing a coating system and related coating process:
A.3.2 to A.3.9 list the main issues for each type of fasteners. Suitable measures should be taken into
account for the following types of fasteners, and potential issues should be considered.

When sorting is required for one or more specific selected characteristic(s), agreement should be
reached between the purchaser and the supplier.
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A.3.2 Fasteners with ISO metric thread

Main issues to be considered are:

thread damages (the heavier the part, the more sensitive it is);
filling of drives/recesses and internal threads in case of an application of top coats;
particles in threads;

contamination with foreign parts.

For electroplated fasteners—with pitch P < 1 mm to be coated with an additional tepcoat, a special

agreement between the supplier and the purchaser should be reached.

A.3.3 Fasteners with captive washer(s)

Main fissues to be considered are:

A.3.4 Washers and similar fasteners

Free washers and similar fasteners (especially with flat bearing surfaces and/or low we
fogether during barrel electroplating and dip-spin processes (e.g. for sealants or top coats). This
can r¢sultin a non-uniform coating deposition with lower local thickness and can cause loy
resistlance. Special application techniques may’be necessary to avoid or reduce the risk of

stick

A.3.5 Fasteners with adhesive or patch

Main fissues to be considered are;

A.3.q Prevailing torque nuts

For allLmetal prpvqi]ing torque nuts, P]pr‘h‘np];\fnd coating systems in combination with

—

btention of particles (e.g. when shot blasting is used as pre-treatment);

npn-uniform coating deposition with lower local thickness due te'the tendency of stiq
mating fastener during a barrel electroplating and dip-spin processes (e.g. for sealants

cpntamination with foreign parts.

QO

bplicability of adhesive orypatch to the selected electroplated coating system;
flinctional properties-{tack of adhesion, impairment of torque/clamp force relationshij
reduction of corrosion resistance (e.g. elevated temperature application/curing tempe

performance/of adhesive or patch in combination with lubricated coating systems.

king to their
or top coats);

ight) tend to

yer corrosion
ticking.

b);

rature);

ilicate-based

sealants or top coats can cause increased friction in the engaged thread up to galling during tightening;
an alternative sealant or top coat and/or an additional lubricant should be used for such applications.

For prevailing torque nuts with non-metallic insert, a possible detrimental effect of the curing
temperature (e.g. in case of organic top coats) should be considered.

A.3.7 Fasteners with recess, internal drive, cavity or hole

Especially for small fasteners, special techniques can be necessary to prevent retention of particles (e.g.
when shot blasting is used as pre-treatment) and excess of coating in recesses, internal drives, cavities
or holes (blind or clearance holes) in case of additionally applied top coats.
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A.3.8 Screws which form their own mating thread

When selecting electroplated coating systems, the requirements for thread-forming properties should
be considered, e.g. for metric thread-forming screws, tapping, self-drilling, chip board screws as well as
screws for plastics.

A.3.9 C(lips and retaining rings
The main issues to be considered are:

— tangling and damages of clips and retaining rings should be avoided during the coating process;

— special tl:e]chniques can be necessary to prevent retention of particles and/or excess of coating in
case of an additionally applied top coat.

A.4 Storage of coated fasteners
During storage and before installation, direct contact with water or other liquids, condengation,

exposure to |dust, etc. should be avoided; such conditions can impair torque/¢lamp force relatignship
and/or corrgsion resistance.
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Annex B
(informative)

Hydrogen embrittlement consideration

General

Atyp

A per
resulf

cal definition for Hydrogen Embrittlement (HE) in literature and standards is as{oll

manent loss of ductility in a metal or alloy caused by hydrogen in combination with t
ing from externally applied load and/or internal residual tensile stress.

DWS:

ensile stress,

Hydrggen Embrittlement, also called Hydrogen Assisted Cracking (HAC)y*is classified under two

categ

Hydrggen Embrittlement (EHE). IHE is triggered by residual hydrogen from steelmal

proce
the m
The t
is pre
absor

Meas
corro
embr

B.2

For H
neces

bries based on the source of hydrogen: Internal Hydrogen Embrittlement (IHE) and Eq

ssing steps such as pickling and electroplating. EHE is triggered by hydrogen int
etal from external sources while it is under tensile stress, &g. in the case of in-serv
erm Stress Corrosion Cracking (SCC) is commonly used toydefine EHE that occurs wh
sent in a corrosive environment and/or produced as a ‘by-product of surface cort
bed by the steel fastener.

ires to prevent IHE do not eliminate the risk of EHE when a susceptible fastener i
sion generated hydrogen. See ISO/TR 20494\ for more detailed information abg
ttlement of fasteners.

Conditions for hydrogen embrittlement failure

[ydrogen Embrittlement failure-to occur, the three following conditions are c
sary:

— tensile stress (typically the result of an applied load, including residual tensile stress]

— afomic hydrogén:

See H

If all three-of these elements are present in sufficient quantities and given time, hydr
resulgs in‘crack initiation and growth until the occurrence of delayed fracture. Time to fail
depending on the severity of the conditions and the source of hydrogen.

in Figure\B:1.

vironmental
ting or from
roduced into
ce fasteners.
en hydrogen
osion and is

s exposed to
ut hydrogen

oncurrently

aterial condition thatis susceptible to hydrogen damage (root cause ofhydrogen empbrittlement),

)

gen damage

ILII'e can vary,

NOTE

[HE failures occur within hours after installation, typically less than 72 h.
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Triggers

Hydrogen source
\ (Internal or
Environmental)

Tensile stress

—_—— ——

Susceptible material
condition

Root cause

Figure B.1]— Confluence of the three necessary conditions for Hydrogen Embrittlement (HE)
failure to occur

B.3 Electroplating and Internal Hydrogen Embrittlement (IHE)

The most relevant manufacturing processes to consider with respect to IHE are primarily cgating
processes arld related surface cleaning and preparation processes (e.g. pickling). These processes are
significant because they are typically the final mabufacturing step, and the coating materials (e.g| zinc)
act as a barrier to hydrogen effusion.

Electroplatin)g processes generate hydrogen; however, the amount of hydrogen absorbed by the
fasteners is mot directly related to theuantity of hydrogen generated. The amount of hydrogen Wwhich
may be absdrbed depends on the process type (e.g. alkaline zinc, acid zinc, zinc alloy) and prjocess
parameters (e.g. current density, (electroplating time, rack/barrel electroplating). The most impgrtant
factor that influences the quantity of hydrogen that remains in a fastener is the permeability pf the
coating to hydrogen effusion."The permeability of the coating determines if it allows hydrogen to ¢ffuse
outward or if the coating/isan effective barrier that blocks hydrogen effusion, thus forcing it to stay in
the steel.

Typical clear]ing for“electroplating comprises hot alkaline cleaning followed by acid pickling and gnodic
electrolytic glkaline cleaning. Acid pickling is a significant source of hydrogen in coating processgs. As
a matter of gobd practice, the use of a suitable inhibitor is recommended, and pickling duration should
not exceed the time required for adequate surface preparation.

For fasteners with hardness above 390 HV, such as bolts, screws or studs with property class 12.9/12.9,
special pre-treatments are advisable using non-acidic methods such as mechanical cleaning (e.g. dry
honing, shot blasting) or alkaline cleaning. However, for small size fasteners (e.g. below M6), fasteners
with captive washer(s), with small internal drive/recess, with internal thread, acid cleaning could be
the only method that works. For some non-threaded fasteners produced from spring steels subjected to
high tensile stress (e.g. spring pins, conical washers, retaining rings), any alternative process that does
not introduce hydrogen in the steel is recommended.

Studies have shown that there is no risk of IHE for phosphate coated property class 12.9/12.9 fasteners
when left at ambient temperature for more than 24 h, because phosphate coatings are very porous
enabling absorbed hydrogen to effuse easily.
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Similarly, studies have shown that the risk of IHE is significantly lower for alkaline zinc-nickel coatings
containing 12 % to 16 % nickel compared to pure zinc coatings. One of the reasons is that zinc-nickel
coatings (ZnNi) are more permeable than zinc (Zn) or zinc-iron (ZnFe) coatings.

For aerospace applications, specific “Low Hydrogen Embrittlement” zinc-nickel (LHE-ZnNi) processes
have been developed to replace “Low Hydrogen Embrittlement” cadmium (LHE-Cd) coatings.

NOTE “Low Hydrogen Embrittlement” is a made-up term to express a low risk of HE for such coatings in case
of absorbed hydrogen.

The susceptibility to IHE of case hardened fasteners depends not only on core hardness, but also on
variables such as case hardness and case depth. The susceptibility to IHE increases as these variables
incregse. The geometry/shape can also impact the susceptibility as there could be no distinct transition
area from high case hardness to the lower hardness in the core in thin sections such &f in a flange,
see [§O/TR 20491. The greater proportion of the case depth in thin sections is the\cause of a higher
susceptibility. However, the criterion for baking is based on core hardness, as it has the mopt significant
effectl on susceptibility.

Unintended surface discontinuities (e.g. pits that can arise from over{pickling, or lapg) can act as
localifed stress concentrators that intensify the stress condition, patticularly for a material that is
alreagly susceptible to hydrogen embrittlement.

B.4 |Baking

The key factors that influence baking effectiveness are:
— teémperature,

— duration,

— permeability of the coating,

(@)

pating thickness.

For suisceptible fasteners (e.g. with hardness/core hardness above 390 HV) that are zinc glectroplated,
8 hto 10 h at 190 °C to 220 °C are typical baking durations and temperatures. However:

— depending on type, size anid hardness/strength level of the fasteners in combination [with coating
system, coating thickness, coating process, permeability of the coating and baking femperature,
shorter durationsaare successfully applied;

— depending oritype, size and hardness/strength level of the fasteners, baking durations up to 24 h
can be required to sufficiently reduce diffuse hydrogen.

The dommonpractice of baking zinc electroplated fasteners (especially with high coating thickness)
for 4|h-at.185 °C to 195 °C is generally inadequate for desorption of hydrogen becaufe zinc is an
effectliverharrier to hydragen effusion (it has heen shawn that it can even he detrimentalland can lead
to occasional failures). For baking zinc electroplated fasteners to be effective and beneficial, a longer
baking duration and/or a higher baking temperature (e.g. at least 200 °C) is recommended.

Property class 10.9 fasteners that are properly manufactured to the material, physical and mechanical
requirements specified in ISO 898-1 are not susceptible to fail due to IHE and do not need to be baked.
Given the current understanding of baking effectiveness and material susceptibility, it is not the baking
that prevents these fasteners from failing. Property class 10.9 fasteners are sometimes baked as a
precaution against manufacturing errors or out-of-control processes that could render the material
susceptible.

In case of a delayed fracture in the application, all conditions including assembly and service conditions
should be investigated, in addition to the fasteners and their manufacturing and electroplating
processes.
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The maximum temperature and duration used in a baking process are limited by the following
considerations: it should not exceed the temperature at which the fasteners were originally tempered,
and it should not impair the properties of the coating. Excess of temperature and/or duration can also
impair the beneficial effect of thread rolling after heat treatment.

Zinc electroplated fasteners are usually baked at a temperature not higher than 220 °C. Cadmium
electroplated fasteners are usually baked to a temperature not higher than 200 °C.

The baking process is typically performed after electroplating and prior to application of a conversion
coating and/or sealant and/or top coat, if any. However, other sequences may be suitable depending on

the specific properties of surface finishes and the applied coatings.

The time be
intent of suc
mobile hydr
has been shd
The often ug
purely subje

ed approach of specifying an exact time between electroplating and baking (e.g.

mechanism flor monitoring good practice. Time between electroplating and baking should not be

as a rigid cri

ferion for acceptability of a fastener lot and it definitely should not be used as the ba

assigning ro¢t cause to a fastener failure.

Baking furn
temperature
the decision
such as sust
and ASTM F1

For more inf

B.5 Stres

Stress relief
tempered wi

Residual ten
electroplati

ice conditions, including methods of loading, duration in.the furnace and uniform

whether to bake or not to bake, should be validatedby,empirical data obtained from
hined load tests and/or by process qualification methods, e.g. as specified in DIN 50
940.

prmation about baking, see ISO/TR 20491.

5 relief

prior to electroplating is not relevant or appropriate for fasteners that are quenche
[thout further alteration; tempering effectively relieves residual stress.

ile stress in fasteners that-are work hardened after quenching and tempering and pr
can lead to the initjation of hydrogen assisted microcracks. If the material is susce

g
and if there ‘i}tsufficient hydrogen-and if the residual tensile stress resulting from work hardening

exceed the H
operation pr

Only operati
cold forming
stress relief |
tapping and

threshold stress,of the steel, a beneficial preventive measure is to perform a stress
or to electroplating.

pns that,eause significant plastic deformation resulting in residual tensile stress sy
, cold bending, cold straightening, and some drilling and welding operations may j
pefore’electroplating. Standard secondary machining operations such as grinding, tu

fween electroplating and baking should be kept short as a matter of good practice. The
h practice is to maximize the extraction of mobile hydrogen. Otherwise, a portion pf the
bgen can become reversibly trapped and more difficult to bake out. This phenomenon
whn to be relevant for electroplated steels at hardness in the range of 500‘HV and 4bove.

h) is

Ctive. It is intended as a practical operational time-frame and also as a’quality assurance

used
bis for

ity of

should be controlled. Achieving a well-founded and effective baking strategy, including

tests
069-2

d and

ior to
ptible
might
relief

ich as
ustify
‘ning,

milling are not problematic.

The effectiveness of stress relief increases with increasing temperature and duration. However, the
maximum temperature is limited such that the mechanical properties of the fasteners are not impaired.

NOTE

applicable to fasteners.

B.6 Hydrogen embrittlement test methods

Stress relief criteria recommended in ISO 9587 are too broad for fasteners, and therefore not

Test methods designed to either detect or measure any mechanical loss of strength resulting from the
effect of hydrogen always include a time component.

Typically, hydrogen embrittlement testing is performed by means of sustained load tests. Sustained
load testing is intended as a post-production (e.g. after electroplating) quality assurance step for
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testing high strength fasteners that are susceptible to IHE. Sustained load testing consists of applying a
specific static load for a fixed period of time ranging from 24 h to 200 h, depending on the specification.
The qualitative nature of the sustained load test is such that a fastener will either pass or fail at the
given point in time. There are several methods for sustained load testing. The tests most often used for
fasteners are specified in ISO 15330, DIN 50969-2, NASM 1312-2, and ASTM F606/F606M. Other tests
developed or agreed to by the manufacturer or purchaser can be used if effective in detecting IHE for
particular types of fasteners.

NOTE Sustained load tests are suitable for production testing. Standard sustained load test specifications
are not intended nor appropriate for testing parts after removal from service.
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Annex C
(informative)

Corrosion protection related to zinc coatings with chromate
conversion coatings

This annex gives information for typical corrosion resistance of zinc coatings with chromate conversion
coatings (corjtaining hexavalent chromium) when tested with neutral salt spray test in accordanc¢ with
IS0 9227; se¢ Table C.1.
Chromate copversion coatings should not be used for new applications.
Table C.1 — Neutral salt spray corrosion resistance of zinc coatings
Minimum neutral salt spray test duration
Designation . for barrel coating
code in Obsolete Coating ¢
accordancq |designation code | thickness
with this for coatings um Chromate No coating metal | No basis metal
document conversion coating corrosion 2 corrosipn
designation (white corrosion) (red rust)
Zn5/A Fe/Zn 5c1A A 6 24
Zn5/B Fe/Zn 5c1B B 12 36
Zn5/C Fe/Zn 5c2C 5 C 48 72
Zn5/D Fe/Zn 5¢2D D 72 96
Zn5/F Fe/Zn 5Bk F 12 —
Zn8/A Fe/Zn 8c1A A 6 48
Zn8/B Fe/Zn 8c1B B 24 72
Zn8/C Fe/Zn 8c2C 8 C 72 120
Zn8/D Fe/Zn 8c2D D 96 144
Zn8/F Fe/Zn 8Bk F 24 72
Zn12/A Fe/Zn 12c1A A 6 72
Zn12/B Fe/Zn 12c1B B 24 96
Zn12/C Fe/Zn 12c2C 12 C 72 144
Zn12/D Fe/Zn 12¢2D D 96 168
Zn12/F Fe/Zn 12Bk F 24 96
Zn25/A Fe/Zn25c1A A
Zn25/B Fe/Zn 25c1B B
Zn25/C Fe/Zn 25c2C 25 C —
Zn25/D Fe/Zn 25c2D D
Zn25/F Fe/Zn 25Bk F
a2 Low coating thickness (i.e. 5 pm and lower) impairs the resistance of the chromate conversion coating.
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Annex D
(informative)

D.1 General

The ak)plicability of the required coating system to ISO metric threads is limited by the'ba
of the threads, and hence limited by the pitch diameter, clearance, and tolerance positions,

Dimepsional requirements and testing for fasteners with ISO metric thread are specified i

Electfoplated coating processes usually do not produce a uniform distributioti of the coat
on the whole surface of the fasteners. As the coating thickness has a significant influence on
it is npcessary to consider thread position, tolerance and clearance in the-thread.

Wher] designing fasteners to be electroplated, at least the following should be taken into c

D.2

Wher] a coating with theoretical/reference coating thickness tis to be applied on an extern|
threafl, the pitch diameter d, willihcrease by 4t as shown in Figure D.1 and Table D.1.

42:2022(E)

Coating thickness and thread clearance for ISO metric threads

type and size of the fastener;
tplerance position of the thread before coating;

clearance available in the thread (see D.2);

—

ypical dispersion of the thickness resulting ffém the coating process (see D.3).

sic deviation
no6.2.
ng thickness

gaugeability,

bnsideration:

Geometrical relationship between coating thickness and pitch diameter

al ISO metric
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Key

a change of| pitch diameter due to coating

P pitch of the thread

t  thickness|of the coating

1  pitch diarpeter of the bolt before coating, d,
2 pitch diarpeter of the bolt after coating

3

thread axjs

FigurelD.1 — Geometrical relationship between coating thickness and pitch diameter
of an externalJSO metric thread

Table D.1 — Geometrical relationship between coating thickness and pitch diameter

Dimensions in micrometres

Coating thickness Resulting increase of the pitch diameter
t 4ta
R 12
4 16
5 20
6 24
8 32
10 40
12 48
2 The minimum clearance needed to accommodate the coating thickness ¢t
corresponds to the pitch diameter increase, 4t.

Figure D.2 gives examples of clearance required in the thread of a bolt/nut assembly M8 to accommodate
a coating thickness of 6 um.
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7,376
3 7,348
= =3
o
b 6G I E‘
1 E 6H 1]
,4 r/ lgg— ¢ 6 = EI=0
—7,
! / o a—° \ O [es=-0028
3 7160 o aaa 7,160 o
7 o B 1 =
6g ? 6g ‘IT
d 3 3
7,042 7,042
a)|Internal/external thread b) Examples for, (6g/6G) and (6g/6H)
Key
1 z¢roline
2 njaximum pitch diameter of the nut thread before coating
3 njinimum pitch diameter of the nut thread before coating
4  mjaximum pitch diameter of the bolt thread before coating
5 njinimum pitch diameter of the bolt thread before toating
6  njanufactured clearance (tolerance not completely used until the lower limit of 6H)
Tp, tqlerance for D,
T4, tqlerance ford,
EI 1dwer limit of the fundamental deviation of the nut thread with respect to zero line
es upper limit of the fundamental deviation of the bolt thread with respect to zero line
3¢ The minimum clearance corresponds to the fundamental deviation.
b,d The maximum cleararice Corresponds to the absolute value of the fundamental deviation plug the tolerance
grade value.
¢ Cpating thickness“of 6 um, needing a minimum clearance of 4 x 6 um = 24 um at the pitch dijameter before
cpating.

Eigure D.2 — Pitch diameter tolerance position and thread clearance for coating

D.3 Coating thickness on externally threaded fasteners

In electroplating processes, coating thickness depends on the electrical current being applied, and the
resulting current density on the surface of individual parts receiving the coating. Current density is not
distributed uniformly on a given part; its distribution depends on the shape and geometry of that part.
With fasteners, the extremities are high current density locations, and the middle is the low current
density location. Consequently, coating thickness on an individual fastener tends to be greater at the
extremities (head and end). In contrast, the mid-length and cavities such as holes, internal drives and
recesses, which are the low current density areas, receive a lower coating thickness. This phenomenon,
known as the dog bone effect is accentuated with increasing length and decreasing diameter of
fasteners such as bolts and screws. See Figure D.3.
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Figure D.3

For fasteners
and diamete
to one third {

Increasing th
of a long bolt
coating thicK
the other ha
resultin insy
process vari
and ease of 4

D.4 Coatil

Electroplatir
internal surf]

A principle d
local current
threads also
Different Kin
even uncoat
uniform met|

NOTE Ho
using specific

VvV VvV V

— Typical distribution of coating thickness on a bolt resulting from electropla
process (exaggerated for illustrative purposes)

with external thread, the dog-bone effect typically depends on the€ratio between le
" d. Typically, bolts and screws with I > 5d could have a local thiekness at mid-length
o half when compared to local thickness at the reference aré€as shown in Figure 2.

e specified minimum coating thickness (to have sufficient coating thickness at mid-1
—typically 10d to 15d— for the purpose of corrosionprotection), may result in exc
ness at the threaded end, thus impairing ease of assembly and/or GO Gauge acceptan

fficient coating thickness at mid-length. The coatér shall exercise know-how to mana
hbles to minimize the dog-bone effect whileZensuring both adequate corrosion prote
ssembly.

hg thickness on internally threaded fasteners

g does not deposit the same.coating thickness on external surfaces in comparison
aces such as internal threads.

f electroplating is that the distribution of metal coating thickness is proportional
density during the@lectroplating process. The expected metal coating thicknessinin

ds of electrolyte (e.g. acidic or alkaline) can result in different thickness distributi
bd areas in.ififernal threads). Typically, the use of alkaline electrolytes results in
h1 distribution.

Wweverncontrary to the above, significant quantity of coating can be deposited in internal thre
electroplating processes.

ting

ngth
down

ength
bssive
re. On

hd, decreasing the specified minimum coating thickness ensures easy assembly, but may

be the
bction

with

o the
ernal

depends of the aut geometry, i.e. relative height of the nut compared to thread diagneter.

bn (or
more

ads by

In practice for electroplated zinc or zinc-alloy coatings, it is possible to use the tolerance position 6H
for internal metric threads before coating, provided the tolerance zone is not taken up to the zero line
(basic size). If nuts are to be coated by a third party, functional thread assemblability should be checked.

Additional surface layers such as sealants, top coats and/or lubricants applied with a dip-spin process
can result in material retention in internal threads. If this would not allow the acceptance of a 6H GO-
gauge, 6G thread tolerance position of the uncoated nut should be considered.
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D.5 Clearance for coating thickness

D.5.1 Fasteners with external thread

Fasteners with external thread should be manufactured to provide sufficient clearance at the pitch
diameter to accommodate the coating thickness.

Coating thickness which can be applied on ISO metric external threads in accordance with ISO 965-1,
[SO 965-2 or ISO 965-3 depends on the fundamental deviation (clearance) at the pitch diameter as given
in Table D.2, which itself depends on the tolerance position g, f or e for external threads.

Table D.2 indicates the fundamental deviation (r]p:\rnnr‘p) asafunctionofthe thread pifr‘h and tolerance
position for the uncoated external thread. The minimum and maximum clearances.@rg theoretical
valuep limiting the available space for coating.
Tabjle D.2 — Theoretical minimum clearance and corresponding maximum‘coating thickness
for ISO metric external threads
Thrgad Nominal Tolerance position g Tolerance positionf. Tolerance [position e
pitch, P di thread d Fundamental | Coating | Fundamental | Coating | Fundamentdl | Coating
1amete.r, deviation thickness deviation thickness deviation thickness
(coarse pitch max. max. max.
thread) @
mrp mm pum pum pn pm pm pum
0,35 1,6 -19 4 -34 8 — —
0,4 2 -19 4 -34 8 — —
0,45 2,5 -20 5 -35 8 — —
0,5 3 -20 5 -36 9 -50 12
0,6 3,5 =21 5 -36 9 -53 13
0,7 4 =22 5 -38 9 -56 14
0,8 5 -24 6 -38 9 -60 15
1 6and 7 -26 6 -40 10 -60 15
1,25 8 -28 7 -42 10 -63 15
1,5 10 -32 8 -45 11 -67 16
1,75 12 -34 8 -48 12 =71 17
2 14 and 16 -38 9 -52 13 =71 17
2,5 18, 20 and"22 -42 10 -58 14 -80 20
3 24and 27 -48 12 -63 15 -85 21
3,5 30 and 33 -53 13 =70 17 -90 22
4 36 and 39 -60 15 -75 18 -95 23
4,5 42-and45 63 15 80 20 100 25
5 48 and 52 -71 17 -85 21 -106 26
5,5 56 and 60 =75 18 -90 22 -112 28
6 64 -80 20 -95 23 -118 29
NOTE Theoretical upper limit of coating thickness is calculated on the basis of thread dimension which is at the upper
limit (external thread) of the respective thread tolerance.
a2  Information on nominal diameter for coarse pitch thread is given for convenience only: the determining dimension is
the thread pitch P.

D.5.2 Fasteners with internal thread

Fasteners with internal thread should be manufactured to provide sufficient clearance at the pitch
diameter to accommodate the coating thickness.
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Coating thickness which can be applied on ISO metric internal threads in accordance with ISO 965-1,
IS0 965-2 or ISO 965-3 depends on the fundamental deviation (clearance) at the pitch diameter as given
in Table D.3, which itself depends on the tolerance position H or G for internal thread.

Table D.3 indicates the fundamental deviation (clearance) as a function of the thread pitch and tolerance
position for the uncoated internal thread. The minimum and maximum clearances are theoretical
values limiting the available space for coating.

Table D.3 — Theoretical minimum clearance and corresponding maximum coating thickness
for ISO metric internal threads

Thread——Noeminal-thread————TFoleranece positien G————Toleranee
pifch, P diameter, D position H
(coarse pitch thread) # I g, jamental Coating thickness
deviation max.
nm mm pm pm
0,35 1,6 +19 4
0,4 2 +19 4
0,45 2,5 +20 5
0,5 3 +20 5
0,6 3,5 +21 5
0,7 4 +22 5
0,8 5 +24 6
1 6and 7 +26 6
1,25 8 +28 7 Possible if the
1,5 10 +32 8 uncoated thread
of the nut is not
1,75 12 +34 8 manufactured up
2 14 and 16 438 8 to the zero line
2,5 18,20 and 22 +42 10
3 24 and 27 +48 12
3,5 30 and 33 +53 13
4 36 and 39 +60 15
4,5 42 and45 +63 15
5 487and 52 +71 15
5,5 56 and 60 +75 16
6 64 +80 20
NOTE Theoreétical upper limit of coating thickness is calculated on the basis of thread dimension
which is/dt the lower limit (internal thread) of the respective thread tolerance.
a  Information on nominal diameter for coarse pitch thread is given for convenience only: the
determining dimension is the thread pitch P.

D.6 Compatibility between corrosion resistance and clearance

For compatibility between corrosion resistance and clearance, see Figure D.4.
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1 Electroplated coating system

Corrosion resistance
requirement

Mechanical properties
of the fastener

{

| 2 | Corresponding reference coating thickness in accordance with Table 8 |
| 3 | Consideration of the coating thickness dispersion (see Clause D.3 or D.4) |
| 4 | Calculation of the resulting necessary clearance in thread before coating (see Clause D.5) |

{

(‘nmparicnn tovaluesofTable D2 orD3

o
—

Already manufactured
fastener

Design of the fastenerto be coated

!

Reduction of
coating
thickness, thus
reducing
corrosion
resistance

!

!

Manufacture
of the
fastener
to the
minimum of
thread
tolerance

Change of the tolerance
position acc. to table D.2 or
D.3 (e.g. 6f instead of 6g)

!

!

Resistance to
thread
stripping
not impaired

Resistance t|
thread
stripping
impaired

1

| 6 |Clearance compatible| |

Selection of another type of electroplated coating syster]

=

By ch
ensull
load ¢

Incre
fatigy

Figure D.4 — Example of checking the compatibility between corrosion resistance and

clearance

posing a combination of thread tolerance positions for external and internal threads
ed that the resistance against thread stripping of the assembly is greater than the ulf]

f the external threaded fastener, F,

hsed clearance can also affect other functional aspects, such as prevailing torqu

e résiStance, etc.

, it should be
imate tensile

e properties,
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Annex E
(informative)

Coating systems tested in accordance with ISO 9227, NSS —
Evaluation of cabinet corrosivity for the neutral salt spray test

E.1 Intro

When evalug
annex.

This annex i
spray test. It

purpose of controlling manufacturing lots.

The main red
terms of reli
is used for ad

— using thg
rather th

— periodic

This method
of results of

E.2 Purpg

This annex i

Huction

tion of the cabinet corrosivity is requested, it should be performed in accordance’wit

b designed to be used in addition to the test method specified in [SO 9227 for neutr
has been established for the evaluation of steel fasteners with zinc-based coatings, f

1son for this development as a complement to ISO 9227 was the-necessary improvem|
bility, reproducibility and reduction of dispersion of test r€sults, as neutral salt spra
ceptance of fastener production by:

e same evaluation mode (appearance of red rust on zine‘based coated steel reference
an weight loss evaluation), and

controls of the corrosivity of the test cabinet:

is successfully used in the fastener industry and significantly improves the reproduc
lifferent salt spray cabinets.

DSe

5 a complement to ISO 9227)that specifies a methodology for evaluating the corrosiy

h this

W1 salt
br the

ent in
y test

anels

bility

ity of

the test cabinet for neutral salt spray.test (NSS), for steel fasteners with zinc and zinc alloy electroplated

coating syst¢

Two types of

ms in accordance with)this document.

tests are definedin order to:

tested s

determi
complia§t, by controlling the cabinet corrosivity throughout the useful volume, independer

e the corresivity level as a grade and the conditions under which the cabinet is consi

ecimens;

monitor

thie,cabinet corrosivity between periodic controls.

dered
tly of

E.3 Frequency of controls

The determination of the corrosivity level shall be carried out at least once a year, and also prior to the
use of the cabinet following major maintenance or repair work on the equipment.

The corrosiv

44

ity monitoring shall be carried out at least once a month.
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E.4.1
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Operating conditions

Parameters

All parameters specified in ISO 9227 shall be checked, except the method for evaluating the cabinet
corrosivity.

E.4.2

Reference panels

The reference panels shall be made of steel, e.g. CR24 in accordance with ISO 6932, coated at least
on one surface with a layer of zinc obtained by high-speed continuous hot dip galvanizing. The zinc

thickpessshattbe (1= 1)

The
Ther
Ther

E.4.3

E.4.3

The 1
They

b) D

imensions of the reference panels shall be 190 mm x 90 mm; see Figure E.4.
ference panels may be oiled for better protection in storage.

ference panels shall be accompanied by an inspection certificate containing atleast t
e identification of the supplier;

e identification of the reference panels (coil and cast number);

e chemical composition and mechanical properties of the substrate metal;
e measured thickness of the zinc deposit;

e reference of the protective oil, if any.

Preparation of the reference panels

1 Degreasing procedure

eference panels shall be used within 24 h after the degreasing procedure has bee
hall be degreased as follows:

re-degrease with acetone'using a soft cloth.

egrease with ultrasonics in a cleaning solution make-up of the following:
- sodium bicarbonate (NaHCO5) (15 £ 2) g/I;

- sodium egarbonate (Na,CO53) (10 + 2) g/I;

- triseditim phosphate (Na;P0O,) (20 £ 2) g/1;

- ~volume adjusted to one litre with distilled or deionized water.

he following:

n completed.

The service life of this degreasing solution is 36 months in an opaque container and in storage
conditions ranging from 0 °C to 40 °C. Store this solution in a sealed container between uses (one
litre of this solution is sufficient for a maximum of 5 panels).

Ultrasonic conditions:

— temperature (45 * 2) °G;

— duration (7 £ 1) min.

c) Remove the panels with tongs before turning off the ultrasonics. Rinse in distilled or deionized
water, then in a clean solvent (ethanol or acetone) and finally leave to dry in the air.
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