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Forewor

d

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

electrotechnical standardization.

The proced

e are

described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Attention is firawn to the possibility that some of the elements of this document may.be the subject of

on the ISO lis

Any trade ng
constitute ar

For an expl
assessment,
Barriers to T

The commitf
SC 4, Aerospg

This second
technically 1

evised.

4. ISO shall not be held responsible for identifying any or all such patentirights. Details of
ights identified during the development of the document will be in the Introduction and/or
t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and dogs not
endorsement.

ination on the meaning of ISO specific terms and <expressions related to conformity
as well as information about ISO’s adherence to the WTO principles in the Technical

rade (TBT) see the following URL: Foreword - Supplementary information

ee responsible for this document is ISO/TC-20, Aircraft and space vehicles, Subcomrhittee
ce fastener systems.

edition cancels and replaces the first edition (ISO 9154:1999), which has|been

Annex A fornps a normative part of this International Standard. Annexes B and C are for information only.
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INTERNATIONAL STANDARD ISO 9154:2016(E)

Aerospace — Bolts, with M] threads, made of heat-
resistant nickel-based alloy, strength class 1 550 MPa —
Procurement specification

1 Scope

This tnternational Standard specifies the characteristics and quality assurance regufrements for
M] thireads bolts made of heat-resisting nickel-base alloy, of strength class 1 550 MPa,fpr aerospace
constfuction.

It is applicable whenever it is referenced in a definition document.

2 Normative references

The fpllowing documents, in whole or in part, are normatively referenced in this docurpent and are
indispensable for its application. For dated references, only thé edition cited applies. [For undated
refergnces, the latest edition of the referenced document (inclading any amendments) applies.

[SO 2i859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemés indexed by
acceptance quality limit (AQL) for lot-by-lot inspection

[SO 3#52-1, Non-destructive testing — Penetrant testing — Part 1: General principles

ISO 5855-2, Aerospace — M] threads — Part 2: Limit dimensions for bolts and nuts

3 Terms and definitions
For the purposes of this document;the following terms and definitions apply.

3.1

batch
quantity of finished praeducts, manufactured using the same processes, from a single material cast
(single heat of alloy) iaving the same definition document number, diameter, and length code, heat
treated together to.the same specified condition and produced as one continuous run

3.2
inspdction lot
quantity ofibolts products from a single production batch (3.1) having the same definitipn document
number

3.3
definition document
document specifying directly or indirectly all the requirements for products

Note 1 to entry: The definition document may be an International Standard, an in-house standard, or a drawing.

34

crack

rupture in the material which may extend in any direction and which may be intercrystalline or
transcrystalline in character

3.5
seam
longitudinal open surface defect

© IS0 2016 - All rights reserved 1
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3.6
lap

surface defect caused by folding over metal fins or sharp corners and then forming them into the surface

3.7
crevice

hollow area at thread crest

3.8
inclusions
non-metallic

particles originating from the material manufacturing process

Note 1 to entr]

3.9
microstruc

u
shear band:Ing

V- or U-shap
grain structy

3.10

sampling pl
plan accordi
reach a decis

Note 1 to entr
a function of t

3.11

y: These particles may be isolated or arranged in strings.

ral shearing

bd rippled grain structure immediately below the thread root or chevitgn-shaped rippled

ire within the thread crest

AN

g to which one or more samples are taken in order to obtdin information and possibly to

ion, if possible

: In this International Standard, each sampling plan defines the number of bolts to be insped
he size of the batch and the acceptance number [numbétof defective items acceptable (Ac)]?

simple random sampling

sampling of 1
have the sam

3.12
critical defe

items from a population of N items in such a way that all possible combinations of n
e probability of being chosen

ct

defect that,

ccording to judgement and experience, is likely to result in hazardous or unsafe cond

for individugls using, maintaining, .or_depending upon the considered product, or that is lik
prevent perfprmance of the function‘ef a major end item

3.13
major defec

defect other [than criticakthdt is likely to result in a failure or to reduce materially the usability

considered

3.14
minor defe
defect that i

oduct for its'intended purpose

not likely to reduce materially the usability of the considered product for its int

ted as

items

litions
bly to

of the

bnded

purpose or that is a departure from established specifications having little bearing on the effective use

or operation

3.15

of this product

limiting quality

LQ

<sampling plan> a quality level which corresponds to a specified and relatively low probability of

acceptance

Note 1 to entry: It is the limiting lot quality characteristic that the consumer is willing to accept with a low
probability that a lot of this quality would occur.

1) Supplementary information taken from ISO 2859-1.

2
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Note 2 to entry: For the purposes of this International Standard, the limiting quality quoted in Table 4 corresponds
to a probability of acceptance of 10 %.

3.16

acceptable quality limit

AQL

maximum percent defective (or the maximum number of defects per hundred units) that, for purposes
of sampling inspection, can be considered satisfactory as a process average

Note 1 to entry: Variant: Quality level, which in a sampling plan, corresponds to a specified but relatively high
probability of acceptance.

4 (
4.1

41.1

All p4g
regul
FAA g

Quali
mainf

Juality assurance
General

Approval of manufacturers

rts which are going to be assembled to a flying aircraft, need to‘be qualified per a
htions. The manufacturer of these parts shall have a quality system that complies
r an equivalent regulation such as SAE AS 9100 / EN 9100,

'y documentation for parts produced in accordance .with this International Stand
ained for a minimum period of 10 years.

The approval of the manufacturer shall be granted by{the Certification Authorities, or thg

repre

4.1.2
The p

to sat
app

4.1.3

The ¢
with

sentative, who may be the prime contractor.

Qualification of bolts

urpose of inspections?) is to verify that the design and manufacturing conditions of a
isfy the requirements of this Intérprational Standard.

The c1:11alification shall be granted\by the Certification Authorities in the purchaser’s cou
oi

ted representative, who'may be the prime contractor.

Acceptance of holts

urpose of inspections is to verify, as simply as possible, using a method which is

Internpational Standard.

They

Khall becarried out by the manufacturer or under his responsibility.

rworthiness
with EASA /

ard, shall be

bir appointed

bolt enable it

htry, or their

inexpensive,

fhe uncertainty inherent in statistical sampling, that the bolts satisfy the requirements of this

The npanufacturer is responsible for the quality of the bolts manufactured.

4.2

Unles

Qualification inspection conditions

s otherwise specified, the inspection shall be carried out on the following:

— each type and diameter of bolt;

— 2

8 bolts selected from a single inspection lot by simple random sampling.

2) Inorder to simplify the text, the term “inspections” used in this International Standard also refers to “inspections

and te

sts”.
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The test programme may possibly be reduced, or the qualification granted, without inspection: Any
such decision shall be based on the results obtained on similar types and diameters of bolts, provided
that the design and manufacturing conditions are identical.

The inspections shall be repeated on any bolt if the manufacturing conditions have modified.

Table 2 indicates the allocation of bolt sample for the inspections.

4.3 Acceptance inspection conditions

Inspections shall be carried out on each production batch or inspection lot. Bolts from the batch or lot
to be inspecfnﬂ shall he celacted hu simnle random samnling
J r r o

Each bolt may be submitted to several inspections, provided that none of characteristics tobewdrified
has been prejviously altered during any of these inspections.

The bolts to e subjected to destructive inspections may be those on which non-destructive inspe¢tions
have been cafrried out.

If a more stringent inspection is deemed necessary, all or part of the qualification inspections njay be
performed dpiring the acceptance inspections. In this case, the number of bolts submitted is the same as
that submittgd for qualification inspection.

Production patches or inspection lots declared unacceptable after the production acceptance
inspections $hall be submitted for re-inspection only after all thedefective units have been removed
and/or defedts have been corrected. In this case, the attribute(s) Which caused the rejection shall be
verified using a sample of twice the normal size with the same-ntimber of defective items acceptabple.

4.4 Use of “statistical process control (SPC)”

When a chdracteristic is obtained by a controlled statistical process, the manufacturer hgs the
possibility, 11 order to declare conformity of the-characteristic, of refraining from the final systematic
sampling prgvided for in this International Standard, if he is capable of formally justifying this ¢hoice
by using ISOfTR 13425 and the standards quoted in it as a basis.

This justificdtion will include the following phases:

— analysis|of the key characteristics of the product;
— analysis|of the risks for each implemented process;
— determination of the‘parameters and/or characteristics to be respected under SPC;
— determi]:

ation of.the capabilities of each process;

— drawinglup‘an‘inspection plan and integration in the manufacturing process;

— drawing up of routes and control charts (ISO 7870-1, SO 7870-Z,1SO 7870-3];
— use of control charts for data consolidation;

— determination of the audits to be run and the control to be carried out to ensure reliability of the
device.

To be usable in production, this process shall or should be validated beforehand by the qualifying body,
either during the qualification phase, or a posteriori according to the case, by analysing the justificatory
file and the results of the qualification inspections such as provided for in Clause 5. Such SPC process
not applicable to destructive tests apart from the measurement of the hydrogen content.

4 © IS0 2016 - All rights reserved
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The requirements of this International Standard are given in Table 1 and, unless otherwise specified,
they apply to bolts ready for use. The test temperature, unless otherwise specified, shall be the ambient
temperature. These requirements complement the requirements of all other standards or specifications
referenced in the definition document.

Table 1 — Requirements and test methods

Clause | Character- Requirement Inspection and test method Designa-| Sample
1stic tiona size
5.1 Material In accordance with the definition |See material standard Asre-
document quired
by
semi-fin-
ished
product
5.2 Dimensions |In accordance with the definition |Standard gauging Q 20
document A Tables 3
and 4
5.3 Manufactur-
ing
5.3.1 Forging The heads of the bolts shall be Accorxding to the route of man- Q
formed by a forging process be- |ufacture
fore heat treatment. The equipment used shall be
The equipment shall ensure an approved.
adequate and uniform tempeta-
ture throughout the production
batch.
5.3.2 Heat treat- The forged blanks-shall be According to the process Q
ment heat-treated to produce the prop- |route
erties required.by the definition The equipment used shall be
documentfBlanks shall not be a ro(\l/e(f
heat-treated more than twice. pp '
5.3.3 Removal of If machining is required, it is
surface con- |n€egssary to respect the require-
tamination ments of 5.5.1.
(bearing face
and shank)
5.3.4 Fillet The fillet radius shall be cold Visual examination at a Q 5
between head |rolled after heat treatment and suitable magnification of
.. . . A Tables 3
and shank machining so as to remove all x10 to x20 and dimensional
. . - and 4
visual signs of machining and to |check
ClI catc bul)Ul fll,lal LU}d'VVUl }\ills.
The deformation shall not exceed
the values in Figure 1.
The requirements apply on bolts
except on the following:
a) threaded to head bolts;
b) bolts with a nominal diame-
ter <5 mm.
5.3.5 Threads Formed by a single rolling pro- According to the manufactur- Q
cess after full heat treatment ing route
a Q= Qualification, A = Acceptance.
© IS0 2016 - All rights reserved 5
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Table 1 (continued)

Clause | Character- Requirement Inspection and test method Designa-| Sample
istic tiona size
5.3.6 Surface In accordance with the definition [ISO 4288 Q 5
roughness document Visual examination A Tables 3
and 4
5.3.7 Passivation |Uncoated finished bolts shall be [ISO 9227 Q 5
treatment passivated in accordance with Visual examination A 100 %
Annex A
Aftcn 2 h Uf oa}t DlJl a_y, bU}tD Dllal}
show no evidence of corrosion or
staining
5.3.8 Surface coat- |In accordance with the definition |See surface coating standard Q 5
ing document A TaHles 3
arld 4
5.4 Meg¢hanical
properties
5.4.1 Tenfsile See Table 5 On bolts: ISO 7961
strgss The requirements apply to bolts |On test specimen:I50 6892-1
except for the following: The test specimens to be pro-
a) protruding head bolts of grip |duced from the same material
length < twice the nominal shank |batch as(the bolts and treated
diameter; with them.
b) countersunk head bolts of grip
length < two and a half times the
nominal shank diameter;
¢) threaded to head bolts of
overall length < three times the
nominal thread diameter‘or bolts
having an overall length <18 mm;
d) bolts with a-thread
length < one.ahd a half times the
thread nominal diameter;
e) boltSwrith a nominal diame-
ter £ Hmm.
5.4.1.1 |- atlambient Q 5
ten]perature A Table 6 or
Talple 7
5.4.1.2 |- atleleyated |Applicable to protruding head Q 2
tentperature Jomly-Testtemperature480-€

a Q= Qualification, A = Acceptance.

© ISO 2016 - All rights reserved
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Table 1 (continued)

Character- Requirement Inspection and test method Designa-| Sample
istic tiona size

5.4.2 Double shear |See Table 5. ISO 7961 Q 5

Clause

strength The requirements apply on bolts A Table 6 or

except on the following: Table 7

a) protruding head bolts of grip
length < twice the nominal shank
diameter;

‘U) COUIILCT bulli\ llﬁdl,‘l ‘UU}LD Uf 5l llJ
length < two and a half times the
nominal shank diameter;

c) bolts with a nominal diame-
ter <4 mm;

d) threaded to head bolts.

5.4.3 Tension Life ISO 7961 Q 5

fatigue

strength — mean value: A Table 6

65 000 cycles min.
— individual value:

45 000 cycles min.

130 000 cycles max.
Frequency: 140 Hz max.
Loads: See Table 8.

The requirements applyon bolts
except on the following:

a) protruding héad bolts of grip
length < twice the nominal shank
diameter;

b) countersunk head bolts of grip
length <'two and a half times the
nominal shank diameter;

0) bolts with a nominal diame-
ter < 5mm;

d) drilled shank bolts;
e) threaded to head bolts.

544 Hardness Before surface coating is applied, [ISO 6507-1 Q 5
the hardness, when measured at |,c4 .cno 4 A

the end of the bolt (thread end), M o %

shall be: 4

— Rockwell: 44 HRC min.
— Vickers: 434 HV 30 min.

a Q= Qualification, A = Acceptance.

© IS0 2016 - All rights reserved 7
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Table 1 (continued)

Clause

Character-
istic

Requirement

Inspection and test method

Designa-
tiona

Sample
size

5.4.5

Recess
removal
torque

The recess of the finished bolt
shall withstand the torque values
specified in the product standard
or definition document.

During the test, the driving
feature shall show no camout and
the recess no excessive distor-

With the bolt fixed in rotation,
submit the driving feature to
the specified end load with
the application of the required
removal torque at the same
time.

Q

tlUll.

5.4.6

Stré¢ss
rupfture at
eleyated tem-
perpture

See Table 5.

Test conditions: 100 h at 480 °C

The requirements apply on bolts
except on the following:

a) protruding head bolts of grip
length < twice the nominal shank
diameter;

b) countersunk head bolts of grip
length < two and a half times the
nominal shank diameter;

¢) bolts with a nominal diame-
ter < 5mm;

d) drilled shank bolts;
e) threaded to head bolts.

ISO 7961

5.4.7

Corjrosion

No corrosion or staining after 2‘h
of exposure

IS0 9227

Talple 6

5.5

Mefallurgical
properties

5.5.1

Hedd to
shapk grain
flow

Flow lines shall ¢losely conform
to the contour{indicated by Fig-
ure 2.

Breaks.in flow lines, see Figure 2.

If tHere is doubt about the accept-
ability, it shall be decided by the
results of the acceptance tension
fatigue test (see 5.4.3). This test
shall thus be carried out on ex-
empted bolt types.

Macroscopic examination x 10
to x 20 times (see Figure 3),
after appropriate etching

Talple 6

5.5.2

Thread
grain flow

Shall'be continuous and shall
follow the general thread contour
with the maximum density at the
bottom of the root radius (see

Figure 4).

Macroscopic examination x 10
to x 20 (see Figure 3), after
appropriate etching

o)

Table 6

a Q= Qualification, A = Acceptance.

© ISO 2016 - All rights reserved
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Table 1 (continued)
Clause | Character- Requirement Inspection and test method Designa-| Sample
istic tiona size
5.5.3 Micro- Shall not Microscopic examination at Q 5
structure, . . . a magnification of x 100 (see
. — have microporosity or major . . A Table 6
overheating, . Figure 3), after appropriate
segregation, .
and surface etching
contamina- |— show intergranular attack
tion prior to or after the corrosion
test (see 5.4.7), and
—_— bllUVV UVvcel llCdLillg.
Overheating of the head, except
for the bearing surface, is permit-
ted provided that its maximum
depth, measured normal to the
surface of the head, does not
exceed the following:
— 1,5 mm for diameters <16 mm;
— 2,8 mm for diameters >16 mm.
Surface contamination on the
non-bearing surfaces of the head
shall not exceed 0,08 mm for all
diameters. It is not permitted on
other surfaces.
5.5.4 Discontinu- |See Table 9. Fluorescent penetrant inspec- Q 5
ities tion according to 1SO 3452-1 A Penetrant
In case of doubt; submit the Tables 3
suspect bolts to a microscopic and 4
examination at a magnifica- Micro-
tion of x100 (see Figure 3), scopic
after appropriate etching. examina-
tion
Table 6
5.6 Marking In dcgordance with the definition |Visual inspection Q 25
decument A Tables 3
and 4
5.7 Delivery
5.71 Packaging To prevent all damage or corro- |Visual inspection A 100 %
sion occurring in the course of
handling, transportation, and
storage.
Each basic package shall only
contain bolts from the same
inspection lot number.
a Q= Qualification, A = Acceptance.
© IS0 2016 - All rights reserved 9
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Table 1 (continued)

Clause | Character- Requirement Inspection and test method Designa-| Sample
istic tiona size
5.7.2 Labelling Each basic package shall carrya |Visual inspection A 100 %
label which legibly indicates the
following:
— the designation as specified by
the definition document;
— the quantity;
- LllC illprL LiUll 1UL llulllbUl )
— the inspector’s stamp. ,\-::\%
5.7.3 Certificate of |Atthe demand of the customer, Visual examination %:1/ 100 %
confformity |each delivery shall be accompa- Q) :
nied by a certificate of con- | N
formity certifying that, without %
exception or dispensation, the O
bolts satisfy the requirements of \%
this International Standard. s\
a Q= Qualifjcation, A = Acceptance. /\Q
Soc
Table 2 — Summary of inspections for qualification asl(l&l ocation of bolt samples
Characterigtic Defilr?ed Bolg&&ple number
1(2|3|4|5|6[7|8]9 lg&1213141516171819202122232425
Non-destructjve NN
tests xo
Dimensions 5.2 XX&*‘XXXXXXXXXXXXXXXXX
Dimensions 5.2 X [x [x |x [x [x [x |x x |x [x [x [x [x
Fillet between fhead 5 3.4a X Ix Ix Ix .
and shank Ia)
Sl
Surface roughness 5.3.62 X |X X() X
Surface coating 5.3.8 ~\ ’ X |X X [X |X
N\
Recess removall 545 OJ\ % Ix 1x Ik Ix
torque R )
Discontinuitie§ —
Fluorescent 52{? XX XXX
NV
Marking v@ X X | X |X [X [X [X |X [X [X X |X [X[X[X[|X|X[X[X|X|[X[X|X[X|[X
Destructive tg s};&i\
Tensile strength
at ambient temper- 5411 x Ix [x Ix Ix
ature
at elevated temper- 5412 X |x
ature
Double shear 5 4.2 X Ix 1% [x Ix
strength
Tension fatigue 543 rarararar
strength
Hardness 5.4.4a X |X [X [X |X
Stress rupture at ele- 54.6 X Ix Ix
vated temperature

a  Tests to be carried out prior to coating.

10 © IS0 2016 - All rights reserved
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Table 2 (continued)

Characteristic in

Defined

Bolts sample number

718|9(10|11(12|13|14|15|16(17|18{19|20|21

23

Corrosion 5.4.7

Head to shank grain

flow 5.5.1

Thread grain flow 5.5.2

Microstructure, over-

heatingand surface [553
contamination

Passivfation treatment|5.3.7

a  Tgsts to be carried out prior to coating.

Table 3 — Classification of defects

Category of defects

Acceptable quality
limit

(AQL)

Chiaracteristics

0,065 %

Discontinuities

Major

1%

Thread size

Shank diameter

Grip length

Fillet radius: Distorsion and dimensions
Drilléd hole(s) missing when required
Surfdce roughness

Biurrs and tool marks

Surface coating

Marking

Depth of lightening hole

Thread form

Incomplete threads

Head angle (countersunk head)
Perpendicularity of head-bearing surface
Straightness of shank

Minor

2,5%

Overall length

Head diameter

Lightening hole diameter

Drilled hole(s) position tolerance and diameter
Wrenching configuration

Run-out — Head external diameter to shank
Run-out — Thread pitch diameter to shank
Recess torque

4%

Chamfer of thread end

Hexagon head: chamfer and washer face
Collar height

Head height

© ISO 2016 - All rights reserved
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Table 4 — Sampling plans for visual inspections and dimensional characteristics

Acceptance number (Ac) and limiting quality (LQ)
_ _ Sample in accordance with the acceptable quality limit (AQL)
Production batch size size AQL 0,065 % AQL 1% AQL 2,5 % AQL 4 %
Ac LQ10 % Ac LQ10%| Ac LQ1o %| Ac |[LQi0%
to 8 2 l l l l l l l l
9 to 15 3 l l l l l l 0 53,60
16 to 25 5 l l l l 0 36,90 ) )
26 rto—>56 B8 + + t + + + ' \)
51 | to 90 13 l l 0 16,20 T l 1 46,80
91 | to 150 20 l l T T 1 18,10 2 34,50
151 | to 280 32 l l l l 2 15,80 3 19,70
281 [ to 500 50 l l 1 7,56 3 12590 5 17,80
501 | to 1200 80 l l 2 6,52 5 11,30 7 14,30
1201 | to 3200 125 l l 3 5,27 7 9,24 10 12,10
3201 | to 10000 200 0 1,140 5 4,59 10 7,60 14 0,91
10001 | to 35000 315 T T 7 3,74 14 6,33 21 8,84
35001 | to 150000 500 l l 10 3,06 21 5,60 T T
150001 | to 500000 800 1 0,485 14 2,51 T T ) )
T Use sampling plan above (sampling size and Ac).
! Use sampling plan below (sampling size and Ac).
The data giver] in this table are based on single sampling plans for a normal inspection, as specified in ISO 2859-1:1999,
Tables 2-A and|6-A. A 100 % inspection should be performed when the sample size is equal to or greater than the batdh size.
Other sampling plans specified in ISO 2859-1 may be used\(double or multiple sampling), but these shall be chosen injsuch a
way as to ensufe an equivalent quality limit.
For those manfifacturers who carry out an inspegtion during the manufacturing process (inspection on a machine gnd/or
inspection betveen operations), the sampling-plan for the final inspection shall be compiled in such a way that the ¢verall
inspection plaf shall guarantee an equivalent\quality limit.
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Table 5 — Minimum loads for tensilea, double shearb, and stress rupturea test

© ISO 2016 - All rights reserved

Tensile Stress
strength Double rupture
Thread Tensile strength test at ambient temperature at ei[:\i;ted Sti:i?gih at ei[:\i;ted
tempera- test tempera-
ture ture
Protruding Countersunk head
Diameter Pitch head nﬁgr;dal reduced head
no recess | recessed
mm mm kN kN kN kN kN kN kN
4 0,7 14,8 11,8 74 6,6 11,8 229 74
b 0,8 23,7 19,0 11,9 10,7 19,0 35,7 11,9
b 337 27,0 16,9 15,2 27,0 51,5 16,9
[ 1,0 479 38,4 24,0 19,2 384 70,0 24,0
$ 64,6 51,7 32,3 25,8 51,7 91,5 32,3
1o 198 101,0 80,8 50,5 40,4 80,8 143,0 50,5
12 ’ 151,0 120,0 75,5 60,4 120,0 206,0 75,5
gl 204,0 163,0 102,0 81,6 163,0 280,0 102,0
16 272,0 218,0 136,0 87,0 218,0 366,0 136,0
18 1,5 350,0 280,0 175,0 112,0 280,0 438,0 175,0
20 438,0 350,0 219,0 140,0 350,0 540,0 219,0
22 535,0 428,0 268,0 171,0 428,0 654,0 268,0
24 2,0 623,0 498;0 312,0 199,0 498,0 778,0 312,0
a  Spe Annex B for areas and formulae.
b Sge Annex C for areas and formulae.
Table 6 — Sampling plans for the inspection of mechanical and metallurgical charjcteristics
Production batch size des Erirzglfesti:seting Accepta?AcCe)number
<500 3 0
501 to 3 200 5 0
3201 to 35000 5 0
>35 001 8 0

13
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Table 7 — Variable sampling for tensile and shear tests

Acceptable quality limit approximately AQL 1 %
. . Sample . Combined
Production batch size number Sample First sample sample
. Total
size

K, K¢ K¢

First 4 4 2,42 1,35 —
<150
Second 8 12 — — 1,72
First 5 5 2,21 0,89 —
151 to 280
Second 10 15 — — 1,74
First [) ) 2,2 0,94 —
281 to|500
Second 12 18 — — 1,70
First 7 7 2,32 1,10 —
501to ] 200
Second 14 21 — — 1,78
First 8 8 2,48 0,99 —
1201 to|3 200
Second 16 24 — — 1,81
First 10 10 2,34 1,31 —
23 2p0

Second 20 30 — — 1,80

Evaluate each sajmple by tensile or shear tests as follows:

First samplg: Accept if )?1 -K,5,=M Reject if )_(1 -K.S1<M
Take a second sample if batch is doubtful; evaluate as follows:

Second sample: Accept if )?t -K.S¢ =M Rejectif )_(t -K.Si <M

Definition of sympbols:
X1 is the average of X1 individual values in the first samplé;
K, Kr, and K are coefficients of S which is the best estimate of standard deviation and which are used to determine acceptafce or
rejection of the Hatch represented by the sample;

1! is the minimum tensile or the minimum shear yalue’according to Table 5;
Xt is the average of Xt individual values in the combined samples;
2
2
A
1=
Ny (Ny-1)

where

Nl is the sample size ofthe'first sample;

Z Xf is the sum of squares of X1 values;

2
( ZXl) is the square‘of the sum of Xy values;

N YR (Yx)’

St
N (N-1)
where
N, is the sample size of the combined sample;
Z th is the sum of squares of X; values;

2
( ZX.[) is the square of the sum of X; values.
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Table 8 — Tension fatigue test loadsa

Thread Protruding head Countersunk head
normal head reduced head
no recess recessed

Diameter |  Pitch High Low High Low High Low High Low
load load load load load load load load
2% 2% 2% 2% 2% 2% 2% 2%

mm mm kN kN kN kN kN kN kN kN

3 6,8 1253 12 8;2 6;8 6,2 66 556 0,6

4 1,0 17,5 1,8 11,6 1,2 8,8 09 %9 0,8

1 1,0 249 2,5 19,9 2,0 12,5 1,3 10,0 1,0

g 1,0 33,6 3,4 26,9 2,7 16,8 1,7 13,4 1,3

1p 1,25 52,5 5,3 42,0 4,2 26,3 2,6 21,0 2,1

1P 1,25 78,5 79 62,9 6,3 39,3 39 31,4 31

1% 1,5 106,0 10,6 84,8 8,5 53,0 5,3 42,4 4,2

1p 1,5 141,0 14,1 113,0 11,3 70,7 71 45,2 4,5

1B 1,5 182,0 18,2 146,0 14,6 91,0 9,1 58,2 5,8

2p 1,5 228,0 22,8 182,0 18,2 114,0 11,4 72,8 7,3

2p 1,5 278,0 27,8 222,0 22,3 139,0 13,9 88,9 8,9

2 2,0 324,0 32,4 259,0 259 162,0 16,2 103,0 10,3

a  S¢e Annex B for areas and formulae.

Table 9 — Discontinuities

Maximum depth (mm), normal to sufface
Bolts threaded to head
Type Location (all diameters) Bolts Bolts
and other bolts
D <5mm S5mm<D<16mm| | D>16 mm
CracKs All zones 0 0 0
Head to shank fillet
0 0 0
. » Root of threada
Laps, [seams, incluSions
Non-bearing surface of 0,30 0,25 0,30
head
Seamp Shank and bearing face 0,15 0,12 0,15
Laps and seams, forming |Shank
an angle of more than 10° 0,10 0 0
with longitudinal axis
Laps Unload flank of threads See Table 10 and Figures 5 and 6
Laps and/or crevices Crest of threadb See Table 10 and Figures 6 and 8.
NOTE Values increased by half the difference between
the actual measured diameter and the minimum external
diameter (see ISO 5855-2)

a  See Figure5.
b See Figure 7.

© ISO 2016 - All rights reserved
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Table 10 — Thread discontinuitiesa

Dimensions in millimetres

Depth
Thread pitch
max.
0,70 0,08
0,80 0,09
1,00 0,12
1,25 0,15
1,50 0,16
2,00 0,24
a  Nature and position (see Table 9).
| |
! !
A A
& B

—,— .

A

|
|
|
|
|
+

+._.J_

Dimensions in millimetres

Bolts nominal
diameter

max.

B

max.

C

max.

5

6

7

8

10

12

14

16

18

20

22

0,03

1,5

2,5

0,025

35

4,5

24

Figure 1 — Distortion in head to shank fillet area (see 5.3.4)
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NOTE
fillet 1

Key

Cut grain acceptable in the zone defined by Z dimensions [Z max = R max (where R maxis
adius specified in the definition document)].

Figure 2 — Head to shank grain flow (see 5.5.1)

D/2min. D/ 2min.

-
| .1%___ "'ZZ:}T -

Nl L._:__J';L.J S

1t hére for test pieces to be subjected to microscopic or macroscopic examination.

Figure 3 — Metallurgical test pieces (see 5.5.1 to 5.5.4)

Figure 4 — Grain flow in threads (see 5.5.2)
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Key

1 non-loadg¢d flanks

2 minor digmeter

3 pitch diatheter

4  major digmeter

5 laps and 4eams not permissible

Figure 5 — Not permissible laps, seams, and surface irregularities in threads

5

Key

1 non-loadg¢d flanks

2 minor digmeter

3 pitch diatheter

4 major diameter

5 laps and Jeamsmot permissible

m | <

s L
rigurc v

18
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N mMm
Key
1 njinor diameter
2 pjtch diameter
3  nfajor diameter
4  pprmissible surface irregularities (see Table 9)
Figure 7 — Permissible surface irregularitiesin threads
~F
© / )
~F
Key
1 njinimum major diameter
2 njaximum major diameter
3 njaximum permissible‘discontinuity 20 % of basic thread depth (see Table 10)
4  djfference of actualmajor diameter and minimum major diameter
5 bpsic thread depth
a  See Tables&and 10.
Figure 8 — Thread discontinuities

© ISO 2016 - All rights reserved
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Annex A
(normative)

Passivation treatment

A.1 Pre-treatment

Before passi
cleaning met
A.2 Passi
Bolts shall b
within the t¢
A.3 Wate

Immediately
be carried d
content of 2

A.4 Finish

The passivat
frosting whe

A chemically
surface, will
material or ]

PO pg/s.

ration, the bolts shall be free from oil, grease, rust, scale, and other foreign matte
hod shall have no deleterious effect on the material properties.

yation

e completely immersed in an aqueous solution of 25 % to 45 % by-volume of nitri
mperature range of 21 °C to 32 °C for no less than 30 min.

' rinse

after removal from the solution, the parts shall be thoroughly rinsed; final rinse
ut in clean water. Clean water is defined as water containing a maximum total

ed parts shall exhibit a chemically\clean surface and shall show to etching, pitti
n examined. A slight discoloration\js-allowed.

clean surface is defined as a.surface upon which water, when applied momentarily
remain on that surface ag-an‘even, continuous film and, in addition, is free of any fq
esidual film deposit which-would be detrimental to the quality of the bolt.

. The

c acid

shall
solid

g, or

to the
reign

20
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