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Foreword

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

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

on the ISO list of patent declarations received (see www.iso.org/patents}:

Any

constjtute an endorsement.

For

expregssions related to conformity assessment, as well as information about ISO's adhg

Wor

URL:

This document was prepared by Technical Committee ISO/TC 2, Fasteners, Subcommittee §
coatings.

This third edition cancels and replaces.the'second edition (ISO 4042:1999), which has bee
revis¢d. The main changes compared ‘to'the previous edition are as follows:

phtent rights identified during the development of the document will be'in the Intrody

trade name used in this document is information given for the convenience of users

an explanation on the voluntary nature of standards;‘the meaning of ISO specifi

1d Trade Organization (WTO) principles in the Teehnical Barriers to Trade (TBT) see
Wwww.iso.org/iso/foreword.html.

o8]

pplication to all fasteners,Sincluding self-tapping and thread forming screws, wa
ips, etc.;

O

focus on coatings designed for corrosion protection of fasteners;

o8]

pplication to electroplated coating systems with or without additional layers (conver]
balant, top ceatdubricant);

2)

2]

pecification'of minimum corrosion resistance (white corrosion and red rust);

[

intenance are

=eded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

c terms and
rence to the
the following

C 14, Surface

n technically

bhers, rivets,

sion coating,

sures;

Tclusion of up-to-date knowledge about hydrogen embrittlement and prevention mea

<O 1001 .0
U174

d £l ip PP
CITITICIUILIS DlJC\,lllCu IIIr 1oV 1 )

concerning corrosion tests, inclusion of sulfur dioxide test (Kesternich) and calibration of neutral

salt spray test;
inclusion of gaugeability and assemblability requirements;

for thickness determination, addition of adequate test methods and deletion of the b
thickness;

new designation system for all coating systems;
specification for mechanical and physical properties and related test methods;

information about design aspects and assembly of coated fasteners;
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— information for coating thickness and thread clearance for ISO metric screw threads;

— information about evaluation of cabinet corrosivity for the neutral salt spray test.
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Introduction

This document 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.
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INTERNATIONAL STANDARD ISO 4042:2018(E)

Fasteners — Electroplated coating systems

1 Scope

This document specifies requirements for electroplated coatings and coating systems on steel
fasteners. 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 riskDpf hydrogen
embrittlement; see 4.4 and Annex B.

It majfinly applies to zinc and zinc alloy coating systems (zinc, zinc-nickel, zinctiron) apd cadmium,
primgrily 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.

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

Inforation for design and assembly of coated fasteners is given in Annex A.
This document does not specify requirements for properties such as weldability or paintability.

NOTE Other International ‘Standards specify differing electroplating processes. For ele¢troplating of
fastenlers, the requirements-of this document apply, unless otherwise agreed.
2 Normative references

The fpllowingsdocuments are referred to in the text in such a way that some or all of their content
constjtutes/requirements of this document. For dated references, only the edition cited applies. For
undated-references, the latest edition of the referenced document (including any amendmg¢nts) 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

ISO 2081, Metallic and other inorganic coatings — Electroplated coatings of zinc with supplementary
treatments on iron or steel

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

© ISO 2018 - 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 3231, Paints and varnishes — Determination of resistance to humid atmospheres containing sulfur dioxide

[SO 3497, Me

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

ISO 3613:20
aluminium-zi

ISO 4521, M
engineering [

ISO 6988, M|
moisture

ISO 8991, De
ISO 9227, Cor

ISO 15330, A
surface meth

ISO 15726, M

AV PN H d ot ;. : F ralN £ : £ . .
YU, IVICLUINIC urrd ULricr ululguuu, LUML[I(HD CrirurmimruiT LuUrTIver Siuri LUMLlll(ys) UIltl ZITic, CUu

nc alloys and zinc-aluminium alloys — Test methods

ptallic and other inorganic coatings — Electrodeposited silver and silver alloy coatin
urposes — Specification and test methods

btallic and other non organic coatings — Sulfur dioxide test with general condensat

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

asteners — Preloading test for the detection of hydrogen. embrittlement — Parallel b4
bd

etallic and other inorganic coatings — Electrodepasited zinc alloys with nickel, cobalt o

ISO 16047, Fasteners — Torque/clamp force testing

ISO 16228, Fi

ISO 19598, |
supplementa

ISO 21968, N
of coating thi

ASME B18.6.

3 Terms

For the purp

1steners — Types of inspection documents

Metallic coatings — Electroplated-€oatings of zinc and zinc alloys on iron or stee
(v Cr(VI)-free treatment

on-magnetic metallic coatings on metallic and non-metallic basis materials — Measur
ckness — Phase-sensitive eddy-current method

B, Machine Screws, Tapping Screws, and Metallic Drive Screws (Inch Series)

and definitions

pses of this'document, the terms and definitions given in ISO 1891-2 and the following

mium,

gs for

ion of

aring

I iron

with

ement

apply.

bES:

[SO and IEC xlnaintain terminological databases for use in standardization at the following addres

31

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

[EC Electropedia: available at http://www.electropedia.org/

reference panel
reference material that is to be exposed to check the corrosivity level of the test cabinet used for
fastener testing

© ISO 2018 - All rights reserved
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4 General characteristics of the coating

4.1 Coating metals or alloys and main purposes

ISO 4042:2018(E)

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.

Table 1 shows commonly used electroplated coatings in relation with their main purposes and
references to related ISO standards whlch glve addltlonal general 1nformat10n not covered by this

docu g =
electy oplatlng processes For the purpose of fasteners the requlrements of this document apply.
Table 1 — Electroplated coatings in accordance with their main purpaoses’and related
ISO standards
Main purpose of
Coating metal(s) Nature the coating for ISO standard
fasteners
Symbol Element
In Zinc Metal P/D/F [SO 2081, 190 19598
ZpNi Zinc-nickel Alloy P/D/F ISO 15726, 150 19598
ZHFe Zinc-iron Alloy P/D/F ISO 15726, 150 19598
d Cadmiuma Metal P/F ISO 2082
Ni Nickel Metal D/F ISO 1456
NifCr Nickel-chromium Multislayer D ISO 1456
Cu+Ni Copper-nickel Multi-layer D ISO 1456
Cu+Ni+Cr Copper-nickel-chromium Multi-layer D ISO 1456
CyZn Brass Alloy D —
ChSn Copper-tin (bronze) Alloy F —
u Copper Metal F/D —
Ag Silyer Metal F/D 1SO 4521
CyAg Copper=silver Alloy F —
$n Tin Metal F SO 2Q93
SiZn Tin-zinc Metal F/P —
P corrosion protection
F furlctional properties
D dedorative'properties (colour, aspect)
a  Chdumisrestricted-orprohibitedformanyapplcations{remainingcadmivimusersarepredeominantly military and
aerospace industries).

4.2 Build-up of basic electroplated coating systems

Figure 1 shows basic electroplated coating systems.

© ISO 2018 - All rights reserved
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3 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)
ey ®
1  only metdl layer(s) Q'\
2 metal lay¢r(s) + conversion coating (1/
3 metal lay¢r(s) + conversion coating + additional lubricant Qb&
4  metal layer(s) + conversion coating + sealant/top coat M)
5 metal lay¢r(s) + conversion coating + sealant/top coat + additional lubricant %O
N\

A conversion
be a passiv3
coating can g

N

Figure 1 — Basic electroplated coating systems [QQnatic)

coating increases corrosion protection on zinc, zinc a{kgfs and cadmium coatings.

It may

tion (chromium VI free) or a chromatation (chroﬁntiﬁm VI containing). The convérsion

Iso provide better adhesion for additional layer(%@nd/or additional colour/paint.
N

An additionall sealant/top coat (with or without integral lu.h¥icant) may be chosen to increase corifosion
resistance ahd to achieve other specific properties (e;%\ orque/clamp force properties, resista

chemicals,

radiation registance). The selection of the nature,o

echanical resistance, aspect, colour, t}s@mal stability, increased electrical resistan
a sealant or top coat should be based on d

additional prjoperties. ‘\\O

An addition

lubricant may be applied to adjust or amend the torque/clamp force relationship.

4.3 Coating systems and coatiqggrocesses

The type anc
related coati

| geometry of the f&fers should be considered when selecting a coating system a

nce to
¢e, UV
¢sired

hg process (see @ x A) as well as hydrogen embrittlement considerations (see Anngex B).

The electropllating proc all be under control, in accordance with a recognized standard andl/or a

specification

4.4 Interr

by agre@?ﬂt with the customer.

lal,@rogen embrittlement

)

4.4.1 General

If the three following conditions are concurrently present for fasteners:

— with high tensile strength or hardness or which have been case-hardened and tempered or cold
worked to high hardness,

— which are under tensile stress, and

— which have absorbed hydrogen,

there is a risk of Internal Hydrogen Embrittlement (IHE).

The susceptibility to IHE increases with increasing hardness of the fastener material. Appropriate
measures for prevention of IHE for quenched and tempered fasteners depending on hardness are

4

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=fdda820a5da3639681e30317ed42aec3

ISO 4042:2018(E)

specified in Table 2. For fasteners in accordance with ISO 898-1, ISO 898-2 and ISO 898-3, Tables 3, 4

and

5 apply.

Table 2 — Measures related to IHE for quenched and tempered fasteners with regard to

hardness

360 HV 390 HV

A B C

No

fication or product testing with

supplemental process veri- Supplemental process verification and/or

product testing with regard to [HE

Supplemental process verifica-
tion and/or product tests with

Tegard to IHE Tegard Lol HE
AND OR AND
No baking necessary Baking Baking
(at the choice of the fastener manufacturer) | (bakingtémperatyre and dura-
tion shall be specified)
See 4.4.2 See 4.4.3 and B.6 See 4.4.4 and B.6

4.4.2| Fasteners with hardness below 360 HV
Wher] electroplating fasteners with specified maximum hardiess below 360 HV (A in Tables 2, 3, 4
and 5)), no supplemental process verification with regard toJHE and no baking are necessgry.
4.4.3| Fasteners with hardness equal to and above 360 HV and up to 390 HV
Wher] electroplating fasteners with specified maxifhum hardness equal to and above 360 HV and up to
and including 390 HV (B in Tables 2, 3, 4 and 5),\baking is not required provided supplem¢ntal process

verifi

free

For f3
failur

the

4.4.4

Whern

baki
The

e
confg[rmances. For more information, see B.4.

cation and/or product testing with regard to IHE have been performed. However, the]

tp require baking generally.

steners in this specified hardnéss range, electroplating does not pose a risk of IHE
e in a product test, it cannot be'assumed that baking the parts would have prevented
tallurgical and physical egenditions of the fastener material should be investiga

Fasteners with hardness above 390 HV

electroplating fasteners with specified maximum hardness above 390 HV (C in Tablg
g is requiredy.See B.4 for minimum recommended baking temperature and duration.

following-exemptions apply:

for fasteners which are not specified to be under tensile stress by design or standard (e

purchaser is

. In case of a
such failure:
ted for non-

s2,3and5),

g.setscrews

imaecordance with 1SQ 898-5) baking is not required (see B.2)

— induction hardened ends (e.g. for thread forming screws) shall not be considered for determining
measures related to [HE in relation to Table 2, because they are normally not subjected to tensile

stress provided that the end protrudes through the mating thread.

For alkaline zinc-nickel electroplatings (and nickel content from 12 % to 16 %), it is possible to avoid
baking because of low risk of IHE (see B.3). The decision not to carry out baking shall be based on
testing (see B.6) and be agreed between the supplier and the purchaser.

NOTE

For acid zinc-nickel electroplatings, studies have shown similar benefits as for alkali

electroplating, however more data is necessary with regard to baking avoidance.

© ISO 2018 - All rights reserved
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4.4.5 Fasteners in accordance with ISO 898-1, ISO 898-2 and ISO 898-3

For fasteners in accordance with ISO 898-1, ISO 898-2 and ISO 898-3, Tables 3, 4 and 5 apply.

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

Property class
Bolts, screws, studs in ac-
cordance with ISO 898-1 <9.8 10.9 129 and 12.9
A B C

No supplemental process | Supplemental process ver- | Supplemental process ver-

Measures rejlated to IHE

verification or product ification and/or product

testing with regard to IHE | testing with regard to IHE | testing with regardtp IHE

AND OR

No baking necessary Baking

ification and/or pnofluct

AND
Bakinga

er manufacturer

At the choice of the fasten-

Baking‘temperature and
duration shall be spegified
(see also B.4)

See 4.4.2 See 4.4.3 and B.6

See 4.4.4 and B.4

a For alkaline zinc-nickel electroplatings (and nickel content from 12 % to 16 %);-the decision not to carry out haking
shall be based pn testing (see B.6) and be agreed between the supplier and the purchaser.

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

Property class

<12
Nuts in accorfdance with - — - - e ;
1SO 898-2 Nuts with specified maximum Nuts with specified maximum
hardness < 360 HV hardness = 360 HVa
A B
No supplemental process verification | Supplemental process verificafion
AND with regard to IHE
Measures rejlated to IHE
. OR
No baking necessary
Baking
_ At the choice of the fastenet
manufacturer
See 4.4.2 See 4.4.3

a  Only:

— forregular{nuts (style 1) with fine pitch thread, property class 10, and
— for high nufs (style 2) with fine pitch thread, property class 12, and diameters above 16 mm.

© ISO 2018 - All rights reserved
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Table 5 — Measures related to IHE for flat washers in accordance with ISO 898-3

Property class

Flat washers in accord-

ance with 1SO 898-3 <200HV 300HV 380HV
A B C
No supplemental process |Supplemental process veri- | Supplemental process veri-
verification fication with regard to IHE | fication with regard to IHE
Measures related to IHE AND OR AND
No baking necessary Baking Bakinga

At the choice of the
fastener manufacturer

Baking temperature and
duration shalll be specified
(see al$o B.4)

See 4.4.2

See 4.4.3

See 4.4.4

a F

r alkaline zinc-nickel electroplatings (and nickel content from 12 % to 16 %), the decision not to cajrry out baking
shall Be based on testing (see B.6) and be agreed between the supplier and the purchaser.

4.4.6

Case-hardened and tempered fasteners include self-tapping sexéws (see ISO 2702), th

Baking and test requirements for case-hardened and tempered screws

'ead-forming

screws for metallic materials, self-drilling screws (see ISO 10666) and screws for soft materials (e.g.
plastic, wood). The surface of these screws is usually intentionally hardened to fulfil their specific

functjons.

The susceptibility to IHE of case-hardened and tempered screws depends not only on cdre hardness;

see BJ3.

Requ
soft materials) are specified in Table 6.

Requ

rements for self-tapping screwsand screws for soft materials are specified in Table 7.

rements for case-hardened and tempered fasteners (except for self-tapping screws and screws for

Testing with regard to IHE for case:hardened and tempered screws with core hardness above 370 HV
(Cin Table 6) and for self-tappingscrews above 390 HV (C in Table 7) shall be performed i accordance

with ]SO 15330 or ASME B18.6,3.

Table 6 — Measures related to IHE for case-hardened and tempered screws
(except self-tapping screws and screws for soft materials)

Core hardness
<370 HV

>370 HV

B

C

Supplemental process verification with

Measures related to IHE

Supplemental process verification with

Product testing and/or baking

regard to [HE
AND

Product testing for each manufactur-

regard to [HE
AND
Baking
AND

ing lota

At the choice of the fastener

manufacturer

Baking temperature and duration shall
be specified (see also B.4)

a  For alkaline zinc-nickel electroplatings (and nickel content from 12 % to 16 %), product testing shall be considered as
part of in-process control (not mandatory for each manufacturing lot).
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Table 7 — Measures related to IHE for self-tapping screws and screws for soft materials

Core hardness

<390 HV >390 HV

Measures re

B C

Supplemental process verification
regard to IHE
Supplemental process verification with

regard to IHE AND
lated to IHE AND Baking
AND

with

PToduct testing and/or baking
Product testing for each manufag
ing lota

tur-

At the choice of the fastener
manufacturer

Baking temperature and duration
be specified (seealso B.4)

shall

a  For alkaliy

part of in-proc

e zinc-nickel electroplatings (and nickel content from 12 % to 16 %), product testing shall be conside
bss control (not mandatory for each manufacturing lot).

red as

4.4.7 Wor

For fastener
quenched an

Table 3 for f
heat treatmd
susceptibilit

4.4.8 Fast

Fasteners with bainitic structure are not addressed in 4.4. A written agreement between the su

and the purc

k-hardened fasteners

b work-hardened to high hardness resulting in residual-Stresses and not intended
d tempered, see B.5.

nsteners with ISO metric thread shall apply regardless of thread rolling before or
nt: a local increase of surface hardness by wotk-hardening has no negative imp4
/ to [HE.

bners with bainitic structure

haser with regard to IHE is necessaty.

4.5 Bakinj

conditions and coating ma

to be

after
ct on

pplier

ed on
tailed

of an
aking
osion

3 man asteners 3 e oplated witho baking b orrelating p
terial to the susceptibility of the fastener material to hydrogen embrittlement,

and by

applying adequate process control procedures. Methods according to DIN 50969-2 or ASTM F1940 are recognized
investigation methods for process control to minimize the risk of IHE. These or other similar test methods can be
used as the basis for specifying baking requirements in a controlled process.

However, prevention of the risk of IHE does not only depend on baking (see 4.4 and Annex B).

5 Corrosion protection and testing

5.1 General

The corrosion protection of an electroplated coating system depends to a considerable extent on the
thickness of the metal layer(s). Conversion coatings and/or sealants/top coats on zinc, zinc-iron, zinc-

8
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nickel and cadmium coatings provide protection against coating metal corrosion (formation of white
corrosion), thus providing additional protection against basis metal corrosion.

Coatings of zinc, zinc alloys and cadmium are less electropositive than the steel basis metal, which is the
condition to provide cathodic protection. In contrast, metals more electropositive than the steel basis
metal (e.g. nickel, copper, silver) cannot provide cathodic protection, which can intensify corrosion of
the fastener if the coating is damaged or pitted.

The frequency and duration of wetting and service temperatures, contact with corrosive chemicals
and contact with other metals and materials (galvanic corrosion/contact corrosion) can influence the
protective performance of coatings.

Corrdsion resistance is considered to be a product characteristic that can be altered as-a [consequence
of the following factors:

— physical damage to the coating from handling and transportation, and
— okidation of the coating or reaction with the environment during transportation and Jtorage.

BeforE selecting a coating system, all functions and conditions of the assembly should bje considered
and nlot just the fastener; see Annex A. An appropriate choice for a given application shquld be made
betw¢en the purchaser and the fastener supplier and/or the coater and/or the chemical supplier.

Corrgsion resistance in accelerated corrosion tests (e.g. neutral salt spray test, sulfur [dioxide test)
canngt be directly related to corrosion protection behawviour in service environmenfts. However,
accelgrated tests are commonly used to evaluate the corrésion resistance of the coating syjstem.

5.2 |Neutral 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.

Wher] evaluation of the cabinet corrosivity is requested, it should be performed in accgrdance with
Annek E.

The NSS test in accordance withslSO 9227 shall be used to monitor the consistency of the process by
quantifying corrosion resistance on sample fasteners taken periodically from the e]ectroplating
proceiss (i.e. in-process control). For these reasons, the NSS test shall be carried out on samjple fasteners
in theg “as-coated” condition-

The “as-coated” condifion is defined as the condition after completion of all steps of coating (including
appligation of any_sealant, top coat or lubrication) without the occurrence of deterioration from the
factors listed in.574, i.e. before any sorting, packaging, assembling, transportation or storage.

NOTE|1  Gustomers or end-users often wish to separately use the NSS test as a reference to evalfiate corrosion
resistancé\as a “performance characteristic” and/or for supplier monitoring. In such cases, corrosfon resistance
is evaJudted on sample fasteners in the “as-received” condition, i.e. after the occurrence of detefioration from
sorting, packaging, assembling, transportation and/or storage; in these cases, it is not appropriate to use the
minimum neutral salt spray test duration in Table 8. Rather, the values in Table 8 serve as a starting basis to
evaluate corrosion resistance in the as-received condition, taking into account factors that cause deterioration of
the corrosion resistance. See 5.4.

The neutral salt spray test duration specified in Table 8 for coating systems with Cr(VI)-free passivation
shall apply for fasteners alone, tested no sooner than 24 h after coating and in the “as-coated” condition.
For neutral salt spray test duration of zinc coating systems with chromate conversion coatings, see
Annex C.

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

Fasteners with a captive washer have areas between the mating fastener and the washer with less
coating thickness due to intrinsic electrochemical deposition behaviour; this is similar for fasteners
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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 not normally exposed to environmental
corrosion.

NOTE 2  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.

Table 8 — Corrosion resistance for commonly used zinc and zinc alloy coating systems

Minimum neutral salt spray test duration for
barrel coating?
trours
Zinc bdsed coating system Code No basis metal corrosipn
(see Table 11) No coating (red rust)
metal corrosion
(white corrosion) Coating thickness
5 um 8 um 12 jum
Zn, transpargnt passivatedb Zn//An/TO 8 48 72 96
Zn, iridescent passivatedb Zn//Cn/TO 72 120 192 240
Zn, iridescent passivated, sealedb Zn//Cn/T2 120 168 240 288
Zn, black passivated, sealed Zn//Fn/T2 24c 72 144 192
ZnFe, iridescent passivatedb ZnFe//Cn/TO 96 144 216 264
ZnFe, iridescent passivated, sealedb ZnFe//Cn/T2 120 216 288 360
ZnFe, black ppssivated, sealed ZnFe//Fn/T2 96¢ 192 240 312
ZnNij, silver gfey, passivated ZnNi//Cn/TO 120 480 720 720d
ZnNij, silver gfey passivated, sealed ZnNi//Cn/T2 168 600 720 720d
ZnNi, black passivated ZnNi//Fn/TQ 48c 360 600 720d
ZnNi, black passivated, sealed ZnNi//Fn/fT2 120¢ 480 720 720d

Minimum neufral salt spray test duration shall not bejregarded as a direct guide for the corrosion resistance of ¢oated
fasteners in all environments where they might be used. See ISO 9227.

a  With a ragk plating process, the effect of-possible damage to coating is reduced and therefore increased corfosion
resistance can|be achieved.

b Black sp¢ts shall not be cause for rejection because they do not impair corrosion resistance, see A.1.4.4.
¢ White hazp is not considered asswhite corrosion, see A.1.4.2.

d  Typically higher corrosion¢resiStance is achieved, however for the purpose of this document, corrosion tests are
stopped after 720 h.

See also 7.3 fpr corroeSion resistance related to temperature.

5.3 Sulfutl dioxide test (Kesternich test)

This test is intended for outdoor building fasteners with zinc based coating systems.

When required, the sulfur dioxide test with general condensation of moisture in accordance with
ISO 6988 or ISO 3231 shall be used to evaluate the corrosion resistance of the coating systems; however,
as opposed to ISO 6988 or ISO 3231 for outdoor building fasteners, this test shall be carried out with
two litres of SO3.

This test is 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 sulfur dioxide test shall be carried out on sample fasteners in the “as-coated” condition.
The “as-coated” condition is defined as the condition after completion of all steps of coating (including
application of any sealant, top coat or lubrication) without the occurrence of deterioration from the
factors listed in 5.4, i.e. before any sorting, packaging, assembling, transportation or storage.
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The sulfur dioxide test shall apply for fasteners alone and shall be carried out no sooner than 24 h after
coating in the “as-coated” condition.

The minimum number of cycles shall be agreed between the supplier and the purchaser at the time of
the order (i.e. 2, 3,5, 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 a captive washer have areas between the mating fastener and the washer with less
coating thickness, due to intrinsic electrochemical deposition 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 not normally exposed to-r
corropion.

5.4
trangport

Bulk handling, automatic processes such as feeding and/or sorting, storage and transpor
significant reduction of corrosion protection (especially of protection.against coating met
depenjding on the coating system and the type and geometry of the fasteners. This can esp
for Cf(VI)-free coating systems where less self-healing effect takes place and/or where
coats|are sensitive to impact damage and/or abrasion.

If cor

6

6.1

Beforg coating, all-fastener dimensions shall be within the specified tolerances specifie
standlards or techiiical specifications.

Coating thicknesses which can be applied on ISO metric threads in accordance with ISO 965
and I$0 965-3 depend on the fundamental deviation available, which itself depends on th
the folllowing tolerance positions:

Bulk handling, automatic processes such as feeding and/or sorting, stora

—

bducing the minimum duration to neutral saltspray test;

o8]

justing coating parameters;

—

mcreasing the thickness of the coatingfsystem; and/or

(@]

nanging the electroplated coating system.

Dimensional requirements and testing

General

vironmental

ge and

L can cause a
al corrosion)
ecially occur
sealants/top

rosion protection is to be checked after any of these>or similar processes/steps, an agreement
shoulf be reached between the supplier and the purchaser, e.g.:

d in product

-1,1SO0 965-2
e thread and

g, f, e for external threads;

G or H for internal threads.

For more information, see Annex D.

6.2 Fasteners with ISO metric thread

6.2.1 Coating thickness

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

When coating thickness in excess of clearance is desired, special requirements shall apply; see Annex D.

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
Ofld’begin' om thread end i entable When canging coated threads of n 2 maximum

torque of 0,00 1D3 (Nm) is acceptable. See Table 9.
Table 9 — Maximum torque for gauging of coated ISO metric threads
Nominal thread diameter, d or D Maximum torque for gauging
mm Nm

3 0,03
4 0,06
5 0,13
6 0,22
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
80 27
33 36
36 47
39 59

For.other diameters, the torque shall be calculated in accordance with 0,001 d3 or

0,001 D3 (Nm) and rounded to 2 significant figures.

Acceptance provedures 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 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 for fasteners with non-ISO metric thread and for
non-threaded fasteners specified in this document. 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 cade of dispute, the microscopic method in accordance with ISO 1463 shall be used, and {
shall pe determined on one of the reference areas specified in Figure 2. For fastener shap
not shown in Figure 2, the reference areas should be agreed (see also Note.2)!

X-ray techniques in accordance with 1SO 3497.

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

non-conductive 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 addition of any sealant and/or

lybricant);thismethod camatso beused todetermine the totattocat thickmess:

Eddy current (phase sensitive) testing in accordance with ISO 21968.

S
/R
&

__._.._._____J( I 1

a) Reference areas for threaded fasteners

G

b) Reference areas for captive washers
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Key
1 reference]

For free was
thickness is

to the bearing surface of the bolt, screw or nut; see Figure 2 b).

NOTE1l Fo

The coating

Figure 2, sh3
than referen

c) Reference areas for non-threaded fasteners (examples)

areas for local coating thickness determination
Figure 2 — Reference areas for fasteners

hers and similar flat fasteners, corrosion resistance specified inTable 8 is decisive. C
biven for guidance only. For captive washers, the reference area shall be the opposit

thickness of the metal layer(s), measured on“the reference areas in accordance
Il comply with the minimum values of Table:10. Lower local thickness in a location
Ce areas shall not be cause for rejection.

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

ating
e side

more information regarding coating uniformity on washers and similar flat fasteners, see A.3.

with
other

Designation for Minimum local thickness on
coating thickness reference areas

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

NOTE2  Most bolts and screws are electroplated in barrels, and as a consequence the greatest coating
thickness is at both extremities of the fasteners (known as dog-bone effect). This effect is increased the longer
the fastener is in relation to its diameter and tends to reduce the coating thickness on the shank. This is one of the
reasons for the specification of heads and ends as reference areas in order to have a reproducible determination

of the coating

14

thickness.
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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 2081, ISO 2082,
ISO 2093, ISO 4521, ISO 15726, ISO 19598 (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 fastener shall be free from blisters, delamination and uncoated areas which can adversely
affect| the corrosion protection. Local excess of coating (e.g. in case of top coats) shall not impair
functjonal properties (gaugeability, torque/clamp force relationship, etc.).

It is possible to add dyes/pigments to the passivation or chromatation solution-in order to give a
coloufed aspect to the conversion layer, often used for distinction purposes.®yes/pigments may also
be adfled to sealants/top coats to obtain coloured surfaces.

7.3 |Corrosion resistance related to temperature
Elevated temperature can affect the corrosion protection of coated fasteners.

Wher] agreed at the time of the order, the corrosion resistancé may be tested after a spedified heating
cycle|Temperature and duration shall be agreed upon, e.g¢1frat 120 °C, 24 hat 120 °C, 1 h at 150 °C. For
zinc-Hased coatings, after heating the fasteners at part temperature for a specified cycle, the corrosion
resistlance requirements specified in 5.2 shall still bestnet.

7.4 |Torque/clamp force relationship

Wher] required, torque/clamp force relationship may be determined for fasteners with ISO metric
threafs with electroplated coating systefns including sealants and/or top coats with integral lubricant
and/qr subsequently added lubricant.

The t¢st method shall be agreed between the supplier and the purchaser, in accordance with 1ISO 16047
for fapteners with ISO metricthréad, and/or in accordance with other relevant technical specifications.

The requirements for torque/clamp force relationship shall be agreed between the supplier and the
purcHaser. See A.2 for infermation.

7.5 |Determination of hexavalent chromium

Whern required, the presence or absence of Cr(VI) shall be determined in accofdance with
ISO 3p13;2010, 5.5.2.

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:

— coating thickness (see 6.4);
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— gaugeability/assemblability of fasteners with ISO metric thread (see 6.2.2);

— appearance (see 7.2).

8.3 Tests for in-process control

The following tests are not intended to be applied for each fastener lot but shall be used for in-process
control (see ISO 16426), when relevant:

— corrosion resistance: NSS test (see 5.2);

— in accordance with 4.4, supplemental/additional process verification with regard to IHE.

8.4 Tests o be performed when specified by the purchaser

The followirlg tests are performed when specifically required by the purchaser. Inspriecess control
(see 8.3) may be used to supply test results to the purchaser:

— corrosiop resistance: NSS test (see 5.2) or alternatively and only when specifically required, sulfur
dioxide tlest (see 5.3);

— temperafure resistance (see 7.3);
— torque/dlamp force relationship (see e.g. ISO 16047);

— determination of presence or absence of hexavalent chromium(see 7.5).

9 Designation system

9.1 Geneifal

A coating syptem 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.

Table 11 — Key to designation for electroplated coating systems

Element Description Symbol Designation

Basis metal Steel

Metal layer(s Zinc Zn
Zinc-nickel ZnNi )
Zinc-iron ZnFe Table 13
(for other metal layers, see Table 1)

Conversion cpating (pas- |Transparent An

sivation) Iridescent Cn
Black Fn Table 132
Yellow Gn
No conversion coating §)

Sealant/top coat Sealant (see also A.1.3) T2
Top coat (see also A.1.3) T7

Table 15

No sealant, no top coat TO
No lubricant nL

Additional lubricant Subsequently added lubricant T4 Table 15

a  For chromate conversion coatings, see Table 14.
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9.2 Designation of electroplated coating systems for the order

The designation of the coating shall be added to the fastener designation in accordance with the
designation system specified in ISO 8991. The electroplated coating system shall be designated in
accordance with Table 11 and in the same order. A slash (/) shall be used to separate data fields in the
coating designation. See examples in 9.3.

The designation of electroplated coating systems in accordance with this document is based on the
system specified in ISO 2081 and ISO 19598 for zinc and zinc alloy electroplated coatings.

NOTE The obsolete designation codes according to ISO 4042:1999Vare given in Annex F for information.

For ofher electroplated coatings, the designation shall be in accordance with the relevaht standards
referg¢nced in Table 1.

Wher] a stress relief process and/or baking is required, it shall not be included in the'desighation but be
specified separately.

Table 12 — Designation for electroplated coating systems inlordering fasteners

Neutral salt Tor@ue/clamp
Electroplated coating system
spray test force
Metal layer(s) Conversion Sealant, top coat duration specification,
Coating material | Thicknessc coating and/or lubrieant (red rust)c if any
Zn In accord-
In accordance In acéordance
ZnNia o with Table 13 with e.g. 480 h cd
ZnFeb Table 10 or Table 14 Table 15

a  Zinc-nickel electroplated coatings for fasteners haye a‘typical content of 12 % to 16 % nickel by mass andfare designated
by ZnNi(12) in ISO 15726. If further nickel content is*desired, see ISO 15726.

b Zinc-iron alloy is specified as 0,3 % to 1 %_ef{izon by mass.

¢ Thickness can be replaced by minimum_neutral salt spray test duration in accordance with Table §: in this case,
thicknjess shall be omitted in the coating system designation and corrosion resistance shall be added at|the end of the
designpation; see 9.3, Example 1.

d  Rpnge of utor or K values to beSpecified at the time of the order; see also A.2.1.

Table 13 —Designation for hexavalent chromium free conversion coatings
(only for zinc and zinc-alloy electroplated coatings)

Passivationa .
chdeb Namo Typical aspect
An Transparent Transparent, clear to bluishc
Ch Iridescentd Transparent, clear to iridescent
Fn Black Black, dark iridescent permitted
Gn Yellow Yellow to yellow iridescent
U — No conversion coating

a  Nanoparticles may be incorporated in all types of passivation to improve the aspect and/or functional properties.

b The first letter corresponds to the conversion coatings as specified in ISO 2081; the second letter (n) indicates no
hexavalent chromium in the conversion coating in accordance with ISO 19598.

¢ Bluish can vary from light-blue to dark iridescent blue, depending on the coating system.

d  Also called thick layer passivation.

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

Chromate conversion coating Typical aspect
Codea 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
a  The letter|corresponds to the conversion coatings as specified in ISO 2081.

Table 15 — Designation for sealants, top coats and/or lubricants

Code2 Name | Requirement

— When no code T is specified, sealant or top coat can be used at the choice of'the coater.

TO No sealant, and Sealant and top coat shall not be applied for a certain apjplica-
flo top coat tion (e.g. for adherence, conductivity, electric contact, welfing).
T2 E ealanth Sealant shall be applied, imay be with or without infegral

lubricante.

Lubricant or wax shall-be applied.

T4 bubsequently added lubricantd Lubricant can be applied directly on the metal layer, or ¢n the
passivation, or ofha sealant, or on a top coatc¢.

A top coat shall'be applied.

Top coat isoften used to achieve particular characteristigs, e.g.

T7 Top coatb . .
p chemicalresistance, colour.

Top coat may be with or without integral lubricantc.

Integral lubricant shall not be present (this code shall be §dded

nL No lubricant to T2 or T7, as relevant).

NOTE For mote information about sealants amndtop coats, see A.1.3.
a  Coding forjfasteners was developed to he/consistent with ISO 2081 and ISO 19598.
b Sealant anld top coat may be organic-or inorganic, or a combination of both.

¢ When tordque/clamp force relationship (e.g. range of friction coefficient) is specified, integral lubricant or subseqpently
added lubricant shall be appliedias)appropriate.

d  When a s@ibsequently added lubricant is specified, the code T4 shall be placed after a slash and directly after the
designation ofthe sealanf or'top coat; see 9.3, Example 4.

9.3 Examples.of designation of hexavalent chromium free electroplated coating
systems for fasteners

When a minimum corrosion resistance is specified in the designation, the compatibility of the
requirement with the coating system included in the designation shall be checked in accordance with
Table 8.

EXAMPLE1 Fastener with an electroplated coating (ISO 4042) of zinc-nickel alloy (ZnNi) with the typical
nickel content of 12 % to 16 %, without required coating thickness but with a minimum corrosion resistance
to neutral salt spray test of 720 h without occurrence of basis metal corrosion (red rust), with a hexavalent
chromium free transparent conversion coating (An), with no specific sealant, top coat or lubricant, is designated
as follows:

[fastener designation] - ISO 4042/ZnNi/An/720h
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MPLE 2  Fastener with an electroplated coating (ISO 4042) of zinc (Zn), with a required coating thickness
of 8 um and hexavalent chromium free transparent passivation (An), is designated as follows:

[fastener designation] - ISO 4042/Zn8/An

MPLE 3  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

LE4  Fastener with an electroplated coating (150 404Z2) of zinc (Zn) and a required coa

of 12 um, with a hexavalent chromium free black conversion coating (Fn), with a subsequent tep-¢
a subdequently added lubricant (T4), and with a coefficient of friction ugot within the range of [0
designated as follows:

EXA
of 8

prohi

EXA

[fastener designation] - ISO 4042/Zn12/Fn/T7/T4(p0,10-0,20)

, with a hexavalent chromium free iridescent conversion coating (€n),/where a subsequ

l\q‘P;LE 5 Fastener with an electroplated coating (ISO 4042) of zinc (Zn) and a required coa
ited (TO0), is designated as follows:

[fastener designation] - ISO 4042/Zn8/Cn/1Q

PLE 6  Fastener with an electroplated coating (ISO 4042).of zinc (Zn) and a required coa

of 8 pum, with a hexavalent chromium free black conversion coating (Fn), where a subsequent seala
choicq of the coater, is designated as follows:

EXA

nicke

tran

[fastener designation] - ISO 4042/Zn8/Fn

content of 12 % to 16 % and a required pating thickness of 8 pm, with a hexavalent c

sparent conversion coating (An), and with no specific sealant, top coat, lubricant or torqu

requifement is designated as follows:

9.4

[fastener designation] - ISO 4042/ZnNi8/An

Designation of fasteners with electroplated coating systems for labelling

At lealst the following information shall be added to labelling, separated by a slash (/):

EXA

10

[$0 4042 for theelectroplated coating system in accordance with this document;

(=

Ie materialipf'the coating;

(=

e thickness of the metal layer(s), or minimum neutral salt spray test duration in acc
Thblé.8;

ing thickness
oat (T7), with
10 to 0,20], is

ting thickness
ent sealant is

ting thickness
ht is left to the

hromium free
e/clamp force

NlPLE 7  Fastener with an electroplated coating (ISO 4042) of zinc-nickel alloy (ZnNi) with the typical
1

brdance with

tite conversion coating in accordance with Tabte 13 (the suffix m indicating that it doe
hexavalent chromium) or with Table 14;

not contain

the sealant, top coat and/or subsequently added lubricant, if any, in accordance with Table 15.

MPLE [fastener designation] - ISO 4042/ZnNi8/Fn/T7/T4

Ordering requirements for electroplating

When ordering an electroplated coating system for fasteners in accordance with this document, the
following information shall be supplied:

a)

the reference to this document (ISO 4042:2018);
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£)

g)

h)

i)
j)

11 Storage conditions

the coating designation (see Clause 9);

the properties of the fasteners relevant for the coating process, e.g. basis material, surface
condition, hardness, tensile strength and/or property class;

the stress relieving conditions, if any, for stress relieving prior to electroplating;

for fasteners with ISO metric thread, the specific thread tolerance of the non-coated fastener within
a thread tolerance position, if any;

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

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

other requirements if any (e.g. chemical resistance, suitability for adhesives, electricaliconductfivity/
insulatidn);

the additional tests to be carried out, if any (see 8.4) and related sampling;

requirerhents for test report, if any, in accordance with ISO 16228.

Storage conditions shall not impair the torque/clamp force properties and corrosion resistance pf the

coated fasteners (see also A.4).

20
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Annex A
(informative)

Design aspects and assembly of coated fasteners

Design

A.1.1| General

Befor
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When
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e selecting a coating system, all functions and conditions of the assembly shouldbe co
st the fastener; see A.2.2. The purchaser should consult the supplier to determine the
s for a given application.

, Cr(VI) is widely restricted. It is therefore recommended to use exclusively Cr(VI)-frg

palants and top coats (see A.1.3), an integral lubricant or an{additional lubricant m
ieve torque/clamp force properties. Sealants and top ceats’may be chosen to increg
ance and to achieve other specific properties and/or performances (e.g. chemica
hnical resistance, impact/abrasion resistance, aspect, colour, thermal resistan
ition/conductivity, UV resistance).

Coating process

oplated coating systems can be applieddn bulk process using barrels or in rack proce
ually applied using a dip-spin process.

oplating for fasteners is generallyya mass process. When lots of small quantities are
able coating line and/or procéss can be necessary in order to achieve the requirs
erformances for the coate@:fasteners. For fasteners of large size or mass, or whe
d damage is to be reduced-or avoided, rack processing instead of bulk/barrel proce
Hered.

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

2]

]

r cold worked fasteners,

r fasteners with thread rolled after heat treatment where intentionally intrody
[resses may be reduced,

nhsidered and
appropriate

e conversion

hy be chosen
se corrosion
] resistance,
e, electrical

ss. Top coats

to be coated,
d properties
n the risk of
5sing may be

nd/or longer

ced residual

A1.3

for prevailing torque nuts with non-metallic insert.

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:

— A sealant 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
corrosion resistance. 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.

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

see A.2.2.

A.1.4 Possible effects of coating corrosion on appearance

A.1.4.1 General

Corrosion te

coating ¢

basis md

Further opti
known as wl

A1.4.2 WH

White haze
micro-cracks
haze stops fu

a) White

sting in accordance with ISO 9227 leads to two kinds of corrosion products:

O

tal corrosion, generally known as red rust. b‘Qb‘

lzb& slight whitis

N
< S

esults from slight reaction of the test media with th{\ inc, mainly occurring in n

of the metal layer and/or the passivation layer. Inicase of zinc-nickel alloy layers,
rther corrosion and is considered to be the conditien for the high corrosion stability.

Fal changes can occur in the initial phase of corrosion testing, suc
ite haze (or “grey veil”), or such as small black spots.

ite haze

testing NSS testing

Figure A.1 — White haze (examples)

orrosion of the zinc or zinc alloy layer, generally known as white corrosion (O}t%ite 1

haze on sz@kel after 72 h NSS b) White haze on zinc-nickel after 1 0010 h

ust”);

h film

tural
white

Typically wh

ite 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 2

4 hto 120 h of corrosion testing.

White haze is not voluminous and is not visible in the wet state, but only on dry parts; see Figure A.2.

22

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=fdda820a5da3639681e30317ed42aec3

ISO 4042:2018(E)

a) Partin wet state b) Partindry st@bﬁb
Fighire A.2 — Examples of white haze on a zinc-nickel layer after 720 h ésting
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aser and the supplier is recommended. QQ
3 White corrosion 0\\Q
itrast to white haze, white corrosion of zinc and zifg alloy layers results from extens

coating metal, is more voluminous and can be ady identified in the wet state of {
bs A.3 and A.4. K\

in wet and

accepted. In
between the

ve corrosion
he parts; see

cent passi-
testing

White c %sion of iridescent passivated b) Severe white corrosion of irideg
zin r after 240 h NSS testing vated zinc layer after 480 h NSS
Q) Figure A.3 — Examples of white corrosion
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i 34

(only white corrosion is visible) (white haze and white corrosionvisible¢)

Key

1  white coryosion

2 white hage

a) Partsin wet state b) Same partsin dry state

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

A.1.4.4 Black spots

and transparent sealant after 240 h NSS testing

Black spots |can appear during accelerated corrosion testing before initial occurrence of cgating
corrosion; sge Figure A.5. Main root cause is micro-defectsiof the basis metal and/or the coating metal.
Corrosion media can migrate or be entrapped in the basis metal and can cause corrosion under lpck of

oxygen, fornling black corrosion products.

NOTE Other root causes for black spots exist butare not fully investigated at this time.

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

typically apgear under service conditions.
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b(‘l'/.

a) |Part after 168 hrs NSS b) Same part after 408 h NSS @ Typical bladk spots
testing testing \%

d) Bl% pots after 240 h NSS test of fasteners with iridescent passivated zin¢ layer

Figurleés — Examples of black spots on a zinc layer with iridescent passivation after NSS testing

A.2 Functional properties

A.2.1 Assemblability and mountability

In case of applying an additional top coat or additional coatings by a dip spin process, clearance
between assembly components (e.g. clearance hole), 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)
and assembly should not be impaired.

For dimensional requirements after coating for ISO metric screw threads, see 6.2 and Annex D.
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The compatibility of the coating system with the tightening process should be considered, especially
with high speed tightening e.g. 100 min-1 and above (risk of overheating, increase of coefficient of
friction, 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 galvanised
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 and to achieve a specific clamp force. Electroplated
coating systems provide lubricated solutions (see A.1.1). Torque/clamp force relationship can be
determined jnaccordance with ISO 16047 and expressed as a coefficient of friction yge or by means of
a K-factor.

A.2.2 Othe¢r properties of coated fasteners and assemblies

A.2.2.1 Chemical resistance

If chemical resistance is required, organic top coats applied on electroplatéd, Coating systen]s are
typically more resistant against acids and alkaline chemical than inorganic tep‘coats or sealants.

A.2.2.2 Electrical conductivity

The electricql conductivity of electroplated coating systems with.a sealant is generally sufficient for
application ¢f electrophoretic coatings and antistatic purposes.” Electroplated coating systems in
combination|with sealants and top coats are usually not suitable’for electrical grounding.

A.2.2.3 Galvanic corrosion

In order to rgduce the risk of galvanic corrosion, each-part of the assembly should be considered (goated
fasteners and clamped parts). A direct metal contact of coated fasteners with non-coated clamped
parts should|be avoided, especially for stainless'steel, aluminium, magnesium, copper or copper 4lloys,
carbon fibrematerials, and carbon filled rubbeér. Due to their higher insulating effect, organic top|coats
can improve|the resistance against galvanic corrosion.

The most sufitable measure to reduce the risk of galvanic corrosion is to select a coating or cgating
system for the fastener with the same or a similar electrical potential compared to the clamped pharts.

A.2.2.4 Cleanliness

For cleanlingss requirengents, the suitability of the electroplated coating system should be checkefd (e.g.
dust, particlg size, particle type, number of particles, applicability of cleanliness test methods).

A.3 Parti¢ular issues related to fasteners and coating processes

A.3.1 General

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.

Main fissues to be considered are:

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

— npn-uniform coating deposition with lower local thickness due tethe tendency of stig
ating fastener during a barrel electroplating and dip-spin ptecess, e.g. sealant, top c

— cpntamination with foreign parts.
A.3.4 Washers and similar fasteners
Free Washers and similar fasteners tend to stick together during barrel electroplating af

processs, e.g. sealant, top coat. This typically results in a non-uniform coating depositio
local thickness and can cause lower corrosion resistance.

A.3.5 Fasteners with adhesive or patch

Main fssues to be considered are

|
[<5)

bplicability of adhesive orpatch to the selected electroplated coating system,

— fuinctional properties ftack of adhesion, impairment of torque/clamp force relationshij

|
~

bduction of corresion resistance (e.g. elevated temperature application/curing ten
pptches),

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

A3.6 Prevailing torque nuts

nm, a special

king to their
bat;

1d a dip-spin
h with lower

b),

perature for

ilicate based

FOI' a ]l vdotal nrauailing torann nate Alactranlatnd ~oating cuctame 11 capalin Aty aarh d
—HHetaprevaHigtorque- St etropratea€oathn S-Sy Stem S eompiRatoR—-wWith

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

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

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

f the curing

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 through holes) in case of additionally applied top coat.
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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. metric thread-forming screws, self-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 as follows:

— Tangling and damages of clips and retaining rings should be avoided during the coating process.

— Special fechniques can be necessary to prevent retention of particles and/or excess of coating in
case of additionally applied top coats.

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

A typjcal definition for Hydrogen Embrittlement in literature and standards is as follows:

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

Hydr¢gen Embrittlement (HE), often also called Hydrogen Assisted Cracking (HAC),
undey two categories based on the source of hydrogen: Internal Hydregen Embrittleme
Envirpnmental Hydrogen Embrittlement (EHE). IHE is triggered by residual hydrogen from

or fr

the m
The t
is pro

Meas
corro
embr

B.2
For H

processing steps such as pickling, 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
duced as a by-product of surface corrosion and is absorbed 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 204912)[18] for more detailed information ab
ttlement of fasteners.

Conditions for hydrogen embrittlement failure

ydrogen Embrittlement failure to-0¢cur, the three following conditions are concurrent

ensile stress,

is classified
nt (IHE) and
steelmaking
roduced into
ce fasteners.
en hydrogen

s exposed to
ut hydrogen

ly necessary:

— mpaterial condition that is susceptible to hydrogen damage (root cause of hydrogen emprittlement),

t4

o8]

See H

If all
result
deper

NOTE

ensile stress (typically theresult of an applied load; including residual tensile stress),
fomic hydrogen.

[E in Figure B.1«

three of these elements are present in sufficient quantities and given time, hydr
s in crack jnitiation and growth until the occurrence of delayed fracture. Time to fail
dingion the severity of the conditions and the source of hydrogen.

and

gen damage
ure can vary,

IHE failures occur within hours after installation, typically less than 72 h.

2) U

nder preparation.
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Figure B.1 — Conditions for Hydrogen Embrittlement (HE/HAC) failure

roplating and Internal Hydrogen Embrittlement (IHE)

levant manufacturing processes to consider; with respect to IHE are primarily cq
d related surface cleaning and preparation processes (e.g. pickling). These process
bcause they are typically the final manufacturing step and the coating materials (e.g
er to hydrogen effusion.

g processes generate hydrogen;y however, the amount of hydrogen absorbed b

rbed depends on the pregcess type (e.g. alkaline zinc, acid zinc, zinc alloy) and pr
e.g. current density, eléctroplating time, rack/barrel plating). The most important

es the quantity of hydnogen that remains in a fastener is the permeability of the coat
usion. The permeability of the coating determines if it allows hydrogen to effuse out
ng is an effective’barrier that blocks hydrogen effusion, thus forcing it to stay in the

hing for electroplating comprises hot alkaline cleaning followed by acid picklin
rolytic alkaline cleaning. Acid pickling is a significant source of hydrogen in cq
herefdte” a suitable inhibitor and minimum cleaning cycle time should be us
e risk of IHE.

ating
bS are
zinc)

y the
Wwhich
ocess
factor
ing to
ward
steel.

b and
ating
ed to

For fasteners with tardness above 390 HV, SUch as property ciass 129, Special pre-treatmen

(S 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 washers,
with small internal drive/recess, with internal thread or for some non-threaded fasteners (e.g. spring
pins, conical washers), acid cleaning could be the only method that works.

Studies have shown that there is no risk of [HE for phosphate coated property class 12.9 fasteners when
left at ambient temperature for more than 24 h, because phosphate coatings are very porous.

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.
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The susceptibility to IHE of case hardened and tempered screws 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 increase. The screw 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 of
the screw, e.g. in case of a flange, see ISO/TR 20491. The greater proportion of the case depth in thin
sections is the cause of a higher susceptibility.

B.4 Baking
The key factors that influence baking effectiveness are

tmperature,
d

t

ration,

permeability of the coating,

(@]

pbating thickness.

For syisceptible fasteners (e.g. with hardness/core hardness above 390 "HV) that are zinc ¢
8 hto 10 h at 190 °C to 220 °C is a minimum recommended baking dutation. However:

d
s

d
c

lectroplated,

epending on type, size and strength/hardness level of thé\fasteners in combination
ystem and coating process, shorter durations are successfully applied;

with coating

epending on type, size and strength/hardness level of the fasteners, baking duratio
hn be required to sufficiently reduce mobile hydrogen.

hs up to 24 h

The
inade
been
For b

Propg
propé
Given|
baki

ommon practice of baking zinc electroplated fasteners for 4 h at approximate
quate for extracting hydrogen because zinc is an effective barrier to hydrogen dif
Khown that a baking duration of 4 h can-even be detrimental and can lead to occasi
hking to be effective and beneficial, longer baking duration is recommended.

rties, as specified in [SO 8981, are not susceptible to fail due to IHE, and do not need
the current understanding of baking effectiveness and material susceptibility,
g that prevents these fasténers from failing. Property class 10.9 fasteners are some

ly 190 °C is
Fusion. It has
bnal failures.

rty class 10.9 fasteners that are correctly manufactured to the intended material and metallurgical

to be baked.
it is not the
times baked

as a grecaution against manufacturing errors or out-of-control process that could render|the material

susceptible.

e conditions
lectroplating

In cade of a delayed fracture in the application, all conditions including assembly and servi
should be investigated, in addition to the fasteners and their manufacturing and e
processes.

Bakirlg criteria as specified in ISO 2081, ISO 9588 and ISO 19598 are too broad and not 4
fastenets,

pplicable for

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 should not impair the performance of the coating. Excess of temperature and/or duration can
impair the beneficial effect of thread rolling after heat treatment.

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

The baking process is typically performed after electroplating, 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.

The time between electroplating and baking should be kept short as a matter of good practice. The
intent of such practice is to maximize the extraction of mobile hydrogen otherwise a portion of the
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mobile hydrogen can become reversibly trapped and more difficult to bake out. This phenomenon has
been shown to be relevant for electroplated steels at hardness in the range of 500 HV and above. The
often used approach of specifying an exact duration (e.g. 4 h) is purely subjective and is intended as
a practical operational time-frame and also as a quality assurance mechanism for monitoring good
practice. Time between coating and baking should not be used as a rigid criterion for acceptability of a
fastener lot and it definitely should not be used as the basis for assigning root cause to a fastener failure.

Baking furnace conditions, including methods of loading, duration in the furnace and uniformity of
temperature, should be controlled. Achieving a well-founded and effective baking strategy, including
the decision whether to bake or not to bake, should be validated by empirical test data obtained from
sustained load testing and/or by process qualification tests, e.g. as specified in DIN 50969-2 and

ASTM F194

B.5 Stres

Stress relief
tempered wi

Residual ten
electroplati
and there is
exceed the H
operation pr

Only operati

cold forming,

stress relief |
tapping and

The effectivd
maximum te

NOTE Sty

B.6 Hydr¢

Test method
effect of hyd

Typically, hy
load testing
testing high
specific stati
The qualitat

r]i can lead to the initiation of hydrogen assisted microcracks. Ifthe material is susce

5 relief

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

ile stress in fasteners that are work hardened after quenching andtempering and py

sufficient hydrogen and the residual tensile stress resulting from work hardening
threshold stress of the steel, a beneficial preventive medsure is to perform a stress
or to electroplating.

cold bending, cold straightening, and some drilling and welding operations may j
pefore electroplating. Standard secondary machining operations such as grinding, tu
milling are not problematic.

bness of stress relief increases with inéreasing temperature and duration. Howeve
mperature is limited such that the mechanical properties of the fasteners are not imp

ess relief criteria recommended in IS0 9587 are too broad and not applicable for fasteners.

pgen embrittlement test methods

5 designed to either-detect or measure any mechanical loss of strength resulting fro
rogen always include’a time component.

drogen embrittlement testing is performed by means of sustained load tests. Sust
is intended™as a post-production (e.g. after electroplating) quality assurance st¢
strength.fasteners that are susceptible to [HE. Sustained load testing consists of appl
c load for a fixed period of time ranging from 24 h to 200 h, depending on the specifid
ve nature of the sustamed load test is such that a fastener will either pass or fall

d and

ior to
ptible
might
relief

bns that cause significant plastic deformation resulting in residual tensile stresses stich as

ustify
‘ning,

r, the
nired.

m the

ained
ep for
ying a
ation.
nt the

given point il used
for fasteners are spec1f1ed in ISO 15330 DIN 50969 2 NASM 1312 2 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 for testing parts after removal from service.
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Corrosion protection related to zinc coatings with chromate

conversion coatings

This annex gives information for typical corrosion resistance of zinc coatings with chromate conversion
coatixﬁgs (containing hexavalent chromium) when tested with neutral salt spray test in accprdance with
[SO 9227; see Table C.1.
Chromate conversion 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
Defignation for'barrel coating
qode in Obsolete desig- | Coating hours
acq orflance nation Fode for | thickness Chromate No coatin cal No basi cal
with|this docu- coatings? um conversion corrosigol:l? a oco?'f':)ssri?)i a
ment coating
desigftation | (White corrosion) (red rust)
Zn5/A Fe/Zn 5c1A A 6 24
7n5/B Fe/Zn 5c1B B 12 36
/n5/C Fe/Zn 5c2C 5 C 48 72
7n5/D Fe/Zn 5c2D D 72 96
Zn5/F Fe/Zn 5Bk F 12 —
Zn8/A Fe/Zn 8c1A A 6 48
/n8/B Fe/Zn 8c1B B 24 72
/n8/C Fe/Zn8¢2C 8 C 72 120
/n8/D Fe/Z0.8c2D D 96 144
7Zn8/F Re/Zn 8Bk F 24 72
In12/A Fe/Zn 12c1A A 6 72
In12/B Fe/Zn 12c1B B 24 96
In12/€ Fe/Zn 12c2C 12 C 72 144
4n12/D Fe/Zn 12c2D D 96 168
Zn12/F Fe/Zn 12Bk F 24 96
Zn25/A Fe/Zn 25c1A A
Zn25/B Fe/Zn 25c1B B
Zn25/C Fe/Zn 25c2C 25 C Data not available
Zn25/D Fe/Zn 25c2D D
Zn25/F Fe/Zn 25Bk F
a  For zinc coatings with chromate conversion coating, see classification code in ISO 2081 in connection with ISO 4520.
b Low coating thickness impairs the resistance of the chromate conversion coating.
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Coating thickness and thread clearance for ISO metric screw
threads

D.1 General

The applicabjility of the required coating system to ISO metric threads is limited by the basic-devjation
of the threads, and hence limited by the pitch diameter, allowance, and tolerance positiofis.

Dimensional|requirements and testing for fasteners with ISO metric thread are spedified in 6.2.

Electroplatedl coating processes usually do not produce a uniform distribution®f,the coating thickness
on the whole|surface of the fastener. As the coating thickness has a significantinfluence on gaugeapility,
it is necessaify to consider thread position, tolerance and clearance in thethread.

When desigrling fasteners to be electroplated, at least the following should be taken into considerption:
— type and size of the fastener;

— tolerancg position of the thread before coating;

— typical dispersion of the thickness resulting from the’coating process (see D.2);

— clearance available in the thread (see Figure D.1J.
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Internal/external thread b) Examples for (6g/6G) and (6g/6H)

1o line

aximum pitch diameter of the nut thread beforé.ceating

inimum pitch diameter of the nut thread before coating

aximum pitch diameter of the bolt thread-before coating

inimum pitch diameter of the bolt thread before coating

anufactured clearance (tolerance not completely used until lower limit of 6H)
lerance for Dy

lerance for d>

wer limit of the fundamental deviation of the nut thread with respect to zero line
bper limit of the fundamental deviation of the bolt thread with respect to zero line
he minimum cléarance corresponds to the fundamental deviation.

he maximumyclearance corresponds to the absolute value of the fundamental deviation plug
rade valug,

Figure D.1 — Pitch diameter tolerance position and clearance for coating

the tolerance

Subfigures a) and b) give examples of clearance required to accommodate a coating thickness of 6 um
on bolt/nut assembly M8.

D.2 Geometrical relationship between coating thickness and pitch diameter

When a coating with theoretical/reference coating thickness t is applied on an external thread, the
pitch diameter d; increases by 4t as shown in Figure D.2 and Table D.1.
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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 axfs
=sin30°%0,5 0,25a =t a=4t
0,5a

Figure D.2 — Geometrical relationship between coating thickness and pitch diameter oflan

Table D.1 — Geometrical relations

external thread

hip between coating thickness and pitch diameter

Dimensions in micrometres

Coating thickness Resulting increase of the pitch diameter
t, 4ta
3 12
4 16
5 20
6 24
8 32
10 40
12 48
a  This pitch diameter increase corresponds to the minimum clearance which is needed for the coating thickness t.

D.3 Coating thickness on externally threaded fasteners

Electroplating can result in a non-uniform

coating thickness, for two main reasons:

— thickness increase at external edges and thickness reduction in cavities, e.g. thread root,

internal drive,
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— thicknessincrease at the extremities of long parts known as the dog-bone effect, as shown amplified
in Figure D.3.

Figure D.3 — Typical distribution of coating thickness on a bolt résulting from eledtroplating
process (exaggerated for illustrative purposes)

For fdsteners with external thread, the dog-bone effect typically~depends on the ratio betyeen length [
and diiameter d. Typically bolts with [ > 5 d could have a local:thickness at mid-length down to one third
to half when compared to local thickness at the reference‘areas (see Figure 2).

The gpecification of thicker layers (in order to get'a‘sufficient coating thickness at migl-length of a
long bolt — typically 10 d to 15 d — for the purpaose of corrosion protection) could resulf in excess of
coatipg at the end of the thread, thus impairing.assemblability and/or gaugeability. Rec|procally, the
specification of thinner layers will allow easy, thread engagement, but could result in lagk of coating
thickness at mid-length. It is the knowledge of the coater to minimize the impact of the dog-bone effect.

Additjonal layers such as sealants, top coats and/or lubricants can cause material retention in holes,
recespes, internal drives, cavities and at thread roots.

D.4 |Coating thickness on internal threads

Electroplating does not.deposit the same coating thickness on external surfaces in comparison with
internal surfaces suchas internal threads.

A principle of electroplating is that the distribution of metal coating thickness is propoiftional to the
local ¢urrent density during the electroplating process. The expected metal coating thicknejss in internal
threafs also~depends of the nut geometry, i.e. relative height of the nut compared to thrqgad diameter.
Differlent‘kinds of electrolyte (e.g. acidic or alkaline) can result in different thickness digtribution (or
even Juncoated areas in internal threads). Typically, the use of alkaline electrolytes regults in more
uniform metal distribution.

NOTE However, contrary to the above, significant quantity of coating can be deposited in internal threads by
using specific electroplating processes.

In practice for electroplated zinc or zinc-alloy coatings, it is possible to use a 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 verified.

Additional surface layers such as sealant, top coat and/or lubricant 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,
another 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,
IS0 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 screw thread and the tolerance position g, f or e for external
threads.

Table D.2 indlicates the fundamental deviation (clearance) as a function of the thread pitch and télgrance
position for [the uncoated external thread. The minimum and maximum clearances are theorfetical
values limitihg the available space for coating.
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Table D.2 — Theoretical minimum clearance and corresponding maximum coating thickness
for ISO metric external threads

Tolerance position g

Tolerance position f

Tolerance position e

Nominal
Thread thread Funda- Coating Funda- Coating Funda- Coating
pitch diameter, d mental thickness mental thickness mental thickness
p (coarse pitch | deviation max. deviation max. deviation max.
thread)a
nfm mm pm pm pHm pm pm pm
0,B5 1,6 -19 4 -34 8 — —
04 2 -19 4 -34 8 — —
0,p5 2,5 -20 5 -35 8 — —
0}5 3 =20 5 -36 9 =50 12
0j6 3,5 -21 5 -36 9 -53 13
of7 =22 5 -38 9 -56 14
0}8 -24 6 -38 9 -60 15
| -26 6 -40 10 -60 15
1,R5 -28 7 -42 10 -63 15
115 10 -32 8 =45 11 -67 16
175 12 -34 8 -48 12 -71 17
P 14 and 16 -38 9 -52 13 =71 17
215 18,20 and 22 -42 10 -58 14 -80 20
J 24 and 27 -48 12 -63 15 -85 21
35 30 and 33 -53 13 =70 17 -90 22
L 36 and 39 -60 15 -75 18 -95 23
415 42 and 45 -63 15 -80 20 -100 25
b 48 and 52 71 17 -85 21 -106 26
55 56 and 60 =75 18 -90 22 -112 28
b 64 -80 20 -95 23 -118 29
NOTH Theoretical uppeblimit of coating thickness is calculated on the basis of thread dimension which is at the
upper limit (external‘thread) of the respective thread tolerance.
a Information,en/rominal diameter for coarse pitch thread is given for convenience only: the determining di-
mensjon is the.thread pitch P.
D.5.7 Fasteners with internal thread

Fasteners with internal 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 internal threads in accordance with ISO 965-1,
ISO 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 screw thread and the tolerance position G or H 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 range of available space for coating.
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Table D.3 — Theoretical minimum clearance and corresponding maximum coating thickness
for ISO metric internal threads

Nominal thread Tolerance position G Tolerance position H
Thread pitch diameter Fundamental |Coating thickness
P D . deviation
(coarse pitch max.
thread)a
mm mm pum pum
0,31 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 6 +26 6
1,25 8 +28 7 Possible if the uncoated
1,5 10 +32 8 thread of the nut is no
1,75 12 +34 8 manufactured up to the
2 14 and 16 +38 8 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 and 45 +63 15
5 48 and 52 +71 15
5,5 56 and 60 +75 16
6 64 +80 20
NOTE Theorfetical upper limit of ¢oating thickness is calculated on the basis of thread dimension which is pt the
lower limit (ipternal thread) ofthe respective thread tolerance.
a Informatign on nominal-diameter for coarse pitch thread is given for convenience only: the determinipg di-
mension is the thread pitch-P.
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D.6 Compatibility between corrosion resistance and clearance

For compatibility between corrosion resistance and clearance, see Figure D.4 for information.

. Corrosion resistance Mechanical properties
Electroplated ting t .
1 eciropiated coating type requirement of the fastener
1
2 Corresponding reference coating thickness in accordance with Table 4
T
3 Consideration of the coating thickness dispersion
1
4 Calculation of the resulting necessary clearance in thread before ¢oatihg
1
5 Comparison to values of Tables D.2 or D.3
|
[ Clearance not compatible with corrosion requirements ]
Already manufactured Design of the fastener to be coated
fastener
1 1 !
Change of the tolerance
Reduction of Manufacture position acc. to table D.2 or
: of the D.3 (e.g. 6f instead of 6g)
coating
. fastener
thickness, thus h ! !
Iterin to the
a ng minimum of Thread Thread
corrosion thread strength of strength of]
resistance tolerance the assembly the assemblly
not impaired impaired
|
Y
6 | Clearance €omipatible Selection of another type of electroplated coating

clearance

Figure D4, Example of checking the compatibility between corrosion resistance and

it should be

By ch

0sing a comhination of thread tolerance positions for external and internal thread

ensured that the resistance against stripping of the assembly is greater than the ultimate tensile load of
the external threaded fastener, Fp,.

Increased clearance can also affect other functional aspects, such as prevailing torque properties,
fatigue resistance, etc.
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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 evalud
this annex.

This annex i
spray test. It

Huction

ition of the cabinet corrosivity is requested, it should be performed in accandance

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

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

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

with

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
determi

complia
specime

monitor

ms in accordance with)this document.
tests are definedin order to:

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

It, by controlling the cabinet corrosivity throughout the useful volume, independ

hs to betested;

thie,cabinet corrosivity between periodic controls.

dered
bnt 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 corrosivity monitoring shall be carried out at least once a month.
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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 (NaHCO3) (15 * 2) g/1;

- sodium earbonate (NazC03) (10 + 2) g/1;

- trisedilm phosphate (Na3zP04) (20 £ 2) g/];

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

he following:

n completed.

Ultrasonic conditions:

— temperature (45 * 2) °C;

— duration (7 £ 1) min.

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).

c) Remove the panel 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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