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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
Commissipn (TEC) 0N all matters o1 electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 3

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member. bodies casting a vote.

Internationjal Standard 1SO 15330 was prepared by Technical Committee 1SO/TC)2, Fasteners, Jubcommittee
SC 1, Meghanical properties of fasteners.
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Introduction

When atomic hydrogen enters steels, it can cause loss of ductility or load-carrying ability, cracking (usually as
submicroscopic cracks) or catastrophic brittle failures at applied stresses well below the yield strength or even the
normal design strength for the alloys. This phenomenon often occurs in alloys that show no significant loss in
ductility when measured by conventional tensile tests, and is frequently referred to as hydrogen-induced delayed
brittle failure, hydrogen stress cracking or hydrogen embrittlement. The hydrogen can be introduced during heat
treatment, gas carburizing, cleaning, pickling, phosphating, electroplating and in the service environment as a result
of cathodic protection or corrosion reactions. Hydrogen can also be introduced during fabrication, 1gr example
during roll fgrming, machining, and drilling due to coolant or lubricant break-down as well as during’elding or
brazing operations.
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Fasteners — Preloading test for the detection of hydrogen
embrittlement — Parallel bearing surface method

1 Scope

This Inter
embrittlem

This test i

O metrid

hational Standard specifies a preloading test which is able to detect the occurence
ent of fasteners at room temperature.

applicable to

bolts, screws and studs;

O thread rolling screws;

O self-tg
O selfd
0 nuts;
O wash
which are

The test s

The test is

pping screws;

rilling screws;

Br's
Imade of steel and are under tensile stress.

hall be carried out within a temperaturetange of 10 °C to 35 °C.

of hydrogen

suitable only for in-process cohtrol and may be carried out after any step of the manufacturing process. It

is not intepded as an acceptance test 1ts capable of assessing differences or changes in processing

techniqued
treatments

This test d

and to determine the éffectiveness of the various processing steps including pre- and
(baking) to reduce the'mobile hydrogen in the fasteners.

oes not relieve the-tanufacturer or processor from the responsibility of imposing and monit

process control.

NOTE
the last ste

The chance\of detecting hydrogen embrittlement decreases significantly if the test is started more {
b of manufaeturing process. Therefore, in normal cases this test is not suitable for acceptance testing.

conditions or
post-coating

Dring suitable

han 24 h after

Special at‘lention shall be given to the reference test in clause 7.3.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 273:1979, Fasteners — Clearance holes for bolts and screws.

ISO 2702:1992, Heat-treated steel tapping screws — Mechanical properties.
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ISO 7085:1999, Mechanical and performance requirements of case hardened and tempered metric thread rolling

screws.

ISO 10666:1999, Drilling screws with tapping screw thread — Mechanical and functional properties.

3 Terms and definitions

For the purposes of this International Standard the following terms and definitions apply.

3.1
susceptibility

to hydrogen embrittlement

characteristi
subjected to

NOTE1 Wi
brittle failure d|

NOTE 2 Aft
unsusceptible

3.2

risk of hydrogen embrittlement

risk of failurg
hydrogen an

NOTE Th
minimized and
irreversibly in

3.3
manufacturin

quantity of g

of a Steet fastener to disptay brittte faifure due to the presence of mobitle hydrogen
A significant degree of tensile stress and/or adverse service conditions

h increasing susceptibility to hydrogen embrittlement, the critical amount of mobile hydrogen ‘which
ecreases markedly.

br the manufacturing process, susceptibility to hydrogen embrittlement cannot be jreduced or chan
condition, even by any post-coating heat treatment (baking).

which arises if fasteners made from steel which are susceptible to hydrogen embrittlem
] are subjected to tensile stress and/or residual tensile stress

e risk of hydrogen embrittlement can be reduced when insthé relevant process steps hydroge
/or when suitable post-coating heat treatment is carried outto enable hydrogen to effuse and/or to tr3

he steel.

g lot
Isteners of a single designation including:product grade, property class and size, manufac

and when

may cause

jed into an

ent absorb

N supply is
p hydrogen

fured from

bar, wire, rod or flat product from a single cast, processed through the same or similar steps at the same time or

over a contin

Same heat tr

O foraco
O foradis
NOTE Th

reassembled i

34
manufacturin

quantity of id

uous time period through the same-heat treatment and/or coating process, if any
eatment or coating process means:

tinuous process, the same treatment cycle without any setting modification;

Continuous process, ‘the same treatment cycle for identical consecutive loads (batches).

b

b manufacturing®lot may be split into a number of manufacturing batches for processing purposg
nhto the same manufacturing lot.

g batch
bntical fasteners from the same manufacturing lot processed together at one time

s and then

4 Principle

The preloading test is carried out in suitable test devices. The fasteners are subjected to stress in the range of the
yield point or the breaking torque either by torquing with a mating nut (or bolt) or by driving in a pretapped plate, see
Figures 1 to 3. Other loading systems and fixtures are permissible, provided that the required stress in the range of
the yield point or breaking torque of the relevant fastener can be achieved. The stress or torque is held at least for
48 h. After every 24 h the fasteners are retightened to the initial stress or torque and at the same time checked if
failure due to hydrogen embrittlement has occurred.
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5 Test apparatus

According to the different types of fasteners different test devices shall be used.

5.1 Metric bolts, screws and studs

For metric bolts, screws and studs fixtures of hardened plates of steel with parallel faces and with one hole or with
multiple holes perpendicular to the surfaces of the plates shall be used, see Figure 1.

4

s L | n

3

Al

NN

N

L=23d
Key
1 Upper|plate
2 Filler glate (for long bolts, screws or studs)
3  Lower|plate
4 Nut serving as head

&  Cleardnce hole according’to ISO 273, fine series

Figure 1 — Test devices for metric bolts, screws and studs

The apparatus for metric bolts, screws and studs comprises a top and a bottom steel plate, see Figure 1. The
hardness of top plate and bottom plate shall be 45 HRC minimum. The bearing surfaces shall be ground, and the
roughness shall not exceed Ra= 8 pm. The thickness of each plate shall be 1d minimum (dis the nominal thread
diameter). The clearance holes shall have diameters dj, in accordance with 1ISO 273, fine series, and shall not be
chamfered. The distance of the clearance holes, L, from each other shall be three diameters (3d) minimum.

When carrying out the test, a free threaded length of at least 1d shall be subjected to stress, and no more than 5 full
threads shall extend beyond the nut. To meet these requirements, one or more plates of steel with parallel and
ground faces may be used as filler plate(s). The filler plate(s) may be manufactured from other steel grades and
with a different hardness compared to upper and bottom plate.
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The bolts, screws and studs to be tested are preloaded by tensioning with a mating nut. In the case of studs or
threaded rod, nuts shall be used at both sides of the test plate(s). When they are threaded with different pitch
threads, the nut on the fine thread shall be considered as the head. The nut representing the head shall be screwed
to finger tightness up to the relevant thread end.

In the case of a short screw (I < 2,5 d) only one plate with pretapped holes shall be used in which the screw shall
be screwed directly without using a nut and tightened against the screw head. The plate shall have the properties as
specified above for the top plate.

For testing bolts and screws with no flat bearing surface (e.g. countersunk screws, eye bolts etc.) an appropriate
upper plate or washer shall be used under the head, see Figure 2.

Key
1  Upper plate with countersinks
2 Lower plate

Higure 2 — Example for a test device forbolts and screws with no flat bearing surface

5.2 Thread|rolling screws, self-tapping:screws and self-drilling screws

The apparatyis for thread rolling screws, self-tapping screws and self-drilling screws comprises a plate jnade from
steel with mgchanical properties @s-specified for the corresponding drive test in ISO 7085, 1ISO 2702 or [SO 10666
respectively,|but which is pretapped, see Figure 3. A suitable washer of hardness class 300 HV may pe applied
under the hepd of the screwto) protect the plate. The minimum thickness of the plate shall be 1d (d = nomjnal thread
diameter). All other requirements are the same as for metric bolts, screws and studs, see 5.1.

NOTE Instead of using taps, pretapping can be achieved by driving the screws to be tested through holes with diameters
according to tie relevant International Standards (see above), provided that the thread of the screw is long enough fo complete
the tapping of the‘mating thread. When the thread is completed, the required torque to continue the driving process|is markedly
reduced and i$ nob increased as long as the clamping process is not started.

For the testing of long screws, one or more plates of steel with parallel and surface ground faces may be used as
filler plates. The diameter of the clearance hole in the plates shall not exceed the nominal thread diameter by more
than 10 %.
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h =z 1d

Key
1 Fillerg
2 Pretag

a d< dh E
Fig

5.3 Scre

The testin

5.2.

5.4 Nuts

It should
widening.
nuts shall

The apparn
5.5 Sprin

Several sf
the spring
plain wash

of 40 HRQ.

When test

The assen

late (for long screws)
ped plate

= 1,1d
Lire 3 — Test apparatus for thread rolling screws, self-tapping screws or self-drilling screws

v and washer assemblies

j of screw and washer assemblies shall be carried out using thé relevant apparatus descri

be recognized that certain nuts may be subjected toidensile stress in the bearing surface
This can apply to flanged nuts or other unusually shaped nuts, but also for common nuts. Th
pbe taken into consideration as agreed between the*manufacturer and the processor.

atus for testing nuts is the same as described-in 5.1.

g washers

ring washers shall be stacked on @ bolt of nominal thread diameter according to the noming
washers. The spring washers _to, be tested shall be separated from each other by plain {
ers shall have a hardness greater than the hardness of the washers being tested and shall b

ng conical spring washers they shall be tested in pairs as shown in Figure 4.

hbly shall be tightened’until a sufficient load is generated to flatten the spring washers.

bed in 5.1 or

area due to
us, testing of

|| diameter of
vashers. The
e a minimum

Figure 4 — Test apparatus for conical spring washers
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6 Sampling

©1SO

For the in-process control, a suitable sampling plan shall be used as agreed between the manufacturer and the
party responsible for a particular step of the process (e. g. hardener or coater) or between the responsible

departments

of a company. The sampling plan shall be chosen for each manufacturing batch.

The parts of the sample shall be examined without supplementary magnification for visible cracks.

7 Test procedure

7.1 Lubrication

Bolts, screwq

NOTE Wi
achieved. Mo

7.2 Application of preload

Great care S
injury. Hencs

The maximuin tightening speed shall be 0,33 s~1 (20 rpm).

7.2.1 Metric

Metric bolts,
the yield poin
O monitori
O tightenin

The nuts use
uniform.

Nuts shall bq

for the test shall be from a single manufacturing lot; they may be coated or uncoated, but shall be uniform

, Studs and nuts shall be lubricated prior to testing to improve the reliability of the test.

h suitable lubrication (for example oil or any lubricant without sulfur), more uniform friction coef
eover, lubricant lowers the induced torsion enabling a higher tensile load to be achieved.

hould be taken when applying this test. Embrittled fasteners may suddenly break and cat
, Shields or other appropriate apparatus should be provided to avoid.such injury.

bolts, screws, studs and nuts

5crews or studs shall be assembled with mating nuts and tightened with a suitable torque wr
t. Tightening to the yield point may be achieved:by various techniques such as:

ng the torque angle gradient or
g to a predetermined torque then rotating through a predetermined angle.

d for the test shall be from a single manufacturing lot; they may be uncoated or coated, b

assembled with mating, bolts or screws and tightened up to the yield point. The bolts or sg

shall be applied-aceording to the following procedure.

bolts or screws in the test plates and assemble the nuts until they are seated against thg

he assemblies up to the individual yield point. Tightening may be applied over the nut or ovq

ficients are

Seé severe

ench up to

it shall be

rews used

test plate

r the head

ed.

It of screw at the discretion of the tester but shall be uniform with rngard toall fasteners test

Record the torque values at the yield point of the five fastener assemblies and calculate the average and the

difference between the maximum and the minimum value. If this difference is less than 15 % of the average
value, the average value shall be the test tightening torque for the specified sample (see clause 6). In the case
of a difference in excess of 15 % the specified humber of fasteners shall be tightened to their individual yield

The preload
a) Mount 5
surface.
b) Tighten
of the b
c)
point.
d)

accordance with paragraphs a) to c).

Tighten the specified number of fasteners up to the test tightening torque or to the individual yield point in
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7.2.2 Thread rolling screws, self-tapping screws and self-drilling screws

Thread rolling screws, self-tapping screws or self-drilling screws shall be tightened with a suitable torque wrench up
to 90 % of the smallest value of breaking torques received from tests on 5 screws. The following procedure shall be

applied.

a)

surface.

b)

Drive five screws (possibly with plain washers) into the test plate until the head is seated against the plate

Tighten the screws up to their individual breaking torque and record the values. Take the smallest of the values

and multiply it by 0,9 (90 %) to establish the test tightening torque for the specified sample (see clause 6). The
difference between the maximum and the minimum breaking torque received on the five screws shall be not

h 15 0
=4

oftha minira i vl

more

NOTE

Wher
to be

c) Tighten
7.2.3 Spr
The prelog

Moun
the fir

a)

b) Tightg

7.3 Refe

The occur]
need not
fasteners
manufacty

Sampling

in accordance with 7.2.1 to 7.2.3.

7.4 Time

The sensilivity of the preloading test depends on the time of starting the test. Therefore, this test shol

out as so
investigati

NOTE
extension

an
o= O OT T T T o T varoe

If the difference is more than 15 %, this test may not be able to detect hydrogen embrittlement.

b the head style or driving feature (cross recess, slot, shallow recess) prevents the.screw frg
lightened to the breaking point, the test tightening torque shall be 90 % of the lowest drive fai

the specified number of fasteners up to the test tightening torque in accordance with paragr
ng washers

d shall be applied according to the following procedure.

5t washer.

n the assembly until the spring washers are flattened.

rence test

rence of cracks, separated heads or breakage of fasteners when subjected to stress or d
hecessarily be due to hydrogen embrittlement resulting from a coating process. A test w
reference test) may be undertaken .and will give an indication whether there are other ste

ring process that can cause brittle fracture.

or a reference test shall belagreed between the parties as described in clause 6. Test proce

for starting the test

on as posSible, preferably within 24 h after the step of the manufacturing process wh
bN.

f theré is hydrogen embrittlement which could easily be discovered by carrying out the test im
bfCstarting time up to several days or even one week or more will reduce the chance of deted

m being able
ure torque.

hph b).

the spring washers on the test bolt as described in 5.5 and*screw the test nut until it is s¢ated against

iring the test
ith uncoated
ps within the

dure shall be

Id be carried
ich is under

mediately, an
ting hydrogen

embrittlem

4 ] Ik
MU LUTISIUTTaAuty .

7.5 Retightening during test

The minimum test duration shall be 48 h.The fastener shall be retightened at least every 24 h to the test tightening
torque or load originally applied. If the loss of torque is more than 50 % for at least one fastener then the test shall
be restarted with the same fasteners.

Prior to completion of the test a final retightening shall be performed. Prior to the final retightening, fasteners shall
be unscrewed approximately 1/2 turn in order to recognize whether or not fracture has occurred within the engaged

part of the

thread.
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