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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.
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INTERNATIONAL STANDARD ISO 8168:2016(E)

Aerospace — Bolts, with M] threads, made of heat and
corrosion resisting steel, strength class 1 100 MPa —
Procurement specification

1 Scope

This flocument specifies the characteristics and quality assurance requirements for M]|thread bolts
made|of heat and corrosion resisting steel, of strength class 1 100 MPa, for aerospace consfruction.

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

2 Normative references

The fpllowing documents are referred to in the text in such a way«hat some or all of their content
constjtutes requirements of this document. For dated references, énly the edition cited applies. For
undafed references, the latest edition of the referenced document.(including any amendménts) applies.

ISO 2859-1:1999, Sampling procedures for inspection by attributes — Part 1: Sampling schemes 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 4288, Geometrical Product Specifications (GPS) — Surface texture: Profile method {— Rules and
proceflures for the assessment of surface texture

[SO 5855-2, Aerospace — M] threads — Part-2: Limit dimensions for bolts and nuts
ISO 6892-1, Metallic materials — Tensile)testing — Part 1: Method of test at room temperatule
ISO 7870-1, Control charts — Partd: General guidelines

ISO 7870-2, Control charts —‘Part 2: Shewhart control charts

[SO 7870-3, Control charts’— Part 3: Acceptance control charts

ISO 7961, Aerospace =+ Bolts — Test methods

ASTM E112:2004, Standard Test Methods for Determining Average Grain Size

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

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

3.1

batch

quantity of finished parts, manufactured using the same process, from a single material cast (single
heat of alloy), having the same definition document number, diameter, heat-treated together to the
same specified condition and produced as one continuous run

© IS0 2016 - All rights reserved 1
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3.2

inspection lot

quantity of b
3.3

olts from a single production batch having the same definition document number

definition document

document sp

ecifying 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.

3.4
crack

rupture in t
transcrystal

3.5
seam
longitudinal

3.6
lap
surface defeq

3.7
crevice
hollow area {

3.8
inclusions
non-metallic

Note 1 to entr]

3.9

sampling pl
plan accordi
reach a decis

Note 1 to entr]
of the size of t

Note 2 to entr]

3.10

he material which may extend in any direction and which may be intercrystallj
ine in character

open surface defect

it thread crest

particles originating from the material mahufacturing process

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

An
hg to which one or more samples are taken in order to obtain information and po
ion

y: In this document, eachysampling plan specifies the number of bolts to be inspected as a fu
he batch and the aceeptance number [number of defective items acceptable (Ac)].

y: Ac = acceptafice number (supplementary information taken from ISO 2859-1).

simple random sampling

sampling of 1
have the sam

itemsfrom a population of N items in such a way that all possible combinations of n

ne or

t caused by folding over metal fins or sharp corners and thenforming them into the syrface

ssibly

hction

items

e(probability of being chosen

3.11

critical defect
defect that, according to judgement and experience, is likely to result in hazardous or unsafe conditions
for individuals using, maintaining or depending upon the considered product, or that is likely to prevent
performance of the function of a major end item

3.12

major defect
defect other than critical, that is likely to result in failure or to reduce materially the usability of the

considered p

roduct for its intended purpose

© ISO 2016 - All rights reserved
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3.13

minor defect

defect that is not likely to reduce materially the usability of the considered product for its intended
purpose, or that is a departure from the established specifications having little bearing on the effective
use or operation of this product

3.14

limiting quality

LQ

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

Note ] to entry: It is the limiting lot quality characteristic that the consumer is willing to acegpt with a low
probapility that a lot of this quality would occur.

Note 2 to entry: For the purposes of this document, the limiting quality quoted in Table’4 corfesponds to a
probability of acceptance of 10 %.

3.15
acceptable quality level
AQL
maximum percent defective (or the maximum number of defects per-hundred units) that, [for purposes
of sarhpling inspection, can be considered satisfactory as a proc€ss-average

Note ] to entry: Variant: quality level, which in a sampling planjcorresponds to a specified but felatively high
probability of acceptance.

4 Quality assurance

4.1 |General

The manufacturer shall be capable of previding a continuous production of bolts complyfing with the
qualify requirements specified in this.document. It is recommended that the manufactur¢r implement
arecggnized quality management'system.

The purpose of qualification~inspections? of bolts is to check that the design and mpnufacturing
conditions of a bolt allow itto.5atisfy the requirements of this document.

Quality documentation for parts produced in accordance with this document shall be maintained for a
minirhum period of 40 years.

The pgurpose of.a’/production acceptance inspection of a bolt is to check, as simply as pospible, using a
methpd which\is inexpensive but representative of the actual conditions of use, with thg uncertainty
inherpnt iristatistical sampling, that the bolt satisfies the requirements of this document.

Prodyction acceptance inspections shall be carried out by the manufacturer or under his r¢sponsibility.

4.2 Qualification inspection conditions

Unless otherwise specified, the inspection shall be carried out on:

— each type and diameter of bolt;

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

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.

1) In order to simplify the text, the term “inspections” used in this document also refers to “inspections and tests”.

© IS0 2016 - All rights reserved 3
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The inspections shall be repeated on any bolt if the manufacturing conditions have been modified.

Table 2 indicates the allocation of bolt samples 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 inspected shall be selected by simple random sampling.

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

The bolts toie 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 inspéetions njay be
performed dpiring the acceptance inspections. In this case, the number of bolts submittéd is the same as
that submittgd for the qualification inspection.

Production patches or inspection lots declared unacceptable after the.‘pvoduction acceptance
inspections $hall be submitted for re-inspection only after all the defective‘units have been removed
and/or defeqts have been corrected. In this case, the attribute(s) that«caused the rejection shpll be
verified using a sample of twice the normal size with the same numberfof defective items acceptabple.

4.4 Use of “statistical process control” (SPC)

When a charfcteristic is obtained by a controlled statisticalprocess, the manufacturer has the option,
in order to declare conformity of the characteristic, to forgo the final systematic sampling provided
in this document, if he is capable of formally justifying‘this choice by using ISO/TR 13425 and the
standards qyoted 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;

— drawing|up of an inspection plan and integration in the manufacturing process;

— drawing|up of refites and control charts (ISO 7870-3, ISO 7870-1, ISO 7870-2);

— use of cantrél ¢harts for data consolidation;
— determiLﬁWWWbm-tmwmmmrﬁmbﬂ' i i rability of

the device.

To be usable in production, this process shall 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 an SPC process is
not applicable to destructive tests apart from the stress durability test.

5 Requirements

The requirements of this document are given in Table 1 and, unless otherwise specified, they apply
to bolts that are 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.

4 © IS0 2016 - All rights reserved
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Clause | Characteristic Requirement Inspection and Designa- Sample
test method tiona size
5.1 Material In accordance with the See material standard Asrequired
definition document by semi-fin-
ished
product
5.2 Dimensions In accordance with the Standard gauging Q 20
definition document A Tables 3
and 4
5.3 Manufacturing G
5.3.1 |Forging The heads of the bolts shall be |According to the Q
formed by a hot or cold forging |manufacturing route Vv
process before heat treatment. OQ) :
In the case of hot forging, the The equipment used
equipment shall ensure thata |[shall be approved.
constant temperature of less
than 1 090 °C is guaranteed
throughout the production
batch.
5.3.2 |Heat treatment |The forged blanks shall be According to the Q
heat-treated to produce the process route
properties required by the .
definition document. Blanks T}}llellegulpmsnt u;ed
shall not be heat-treated mafe |> @ D¢ approved.
than twice.
5.3.3 |Removal of If machining is required; it is
surface contam- |necessary to respeet the
ination (bearing |requirements of 5:5.1.
face and shank)
5.3.4 |Threads Formed by ajsingle rolling pro- |According to the Q
cess after.full heat treatment manufacturing route
5.3.5 |Surface In acc¢oerdance with the defini- [ISO 4288 Q 5
roughness tion-document Visual examination A Tables 3
and 4
5.3.6 |Surface coating |In accordance with the defini- |See surface coating Q 5
tion standard A Tables 3
document and 4
5.4 Méchanical
properties
5.44 YTensile See Table 5. On bolts: ISO 7961 Q 5
© IS0 2016 - All rights reserved 5
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Table 1 (continued)

Clause Characteristic Requirement Inspection and Designa- Sample
test method tiona size
strength The requirements apply to bolts|On test specimen A for bolts, | Table 6
except the following: (when tests do not not for or Table 7
a) protruding head bolts of grip fipp'ly to b?“f as specimens
. . indicated in “Re-
length < twice the nominal . " ol .
shank diameter- quirement” column):
’ ISO 6892-1
b) countersunk head bolts Th .
) e test specimens
half times the nominal shank £ h e
diameter: rom the same ma-
! terial batch as the
c) bolts threaded to head of bolts and treated
overall length < three times the |with them.
nominal thread diameter or
bolts having an overall length
<18 mm;
d) bolts with a thread length
< one and a half times the
thread nominal diameter;
e) bolts with a nominal
diameter < 4 mm.
In such a case, acceptance shall
be based on the results from
test bars of the same material,
heat-treated with the same
process cycle.
5.4.2 |Double shear See Table 5. ISO 7961 Q 5
jtrength The requirements apply to bolts A Table]6 or
except the following; Table 7
a) protruding head bolts of grip
length < twice'the nominal
shank diameter;
b) countérsunk head bolts
of grip length < two and a
half times the nominal shank
diameter;
c) bolts with a nominal
diameter < 4 mm;
d) bolts threaded to head.
5.4.3 |Récess removal |The recess of the finished bolt |With the bolt fixed Q 5
orque shall withstand the torque I rotation, sub-
values specified in the product |mit the driving
standard or definition docu- feature to an end
ment. load of (45 +2,5) N
During the test, the driving Whll? applying the
required removal
feature shall show no cam-out
. torque.
and the recess no excessive
distortion.
6 © IS0 2016 - All rights reserved
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Table 1 (continued)
Clause | Characteristic Requirement Inspection and Designa- Sample
test method tiona size
5.5 Metallurgical
properties
5.5.1 |Head-to-shank |Flow lines shall closely conform |Macroscopic exam- Q 5
grain flow to the contour indicated in ination at a magni- A Table 6
Figure 1. fication of 10x to 2x
For breaks in flow lines, see (see Eigure 2 ure 2), af‘Fer
. appropriate etching
Figure 1.
5.5.2 |Thread grain Shall be continuous and shall See 5.5.1. Q 5
flow follow the general thread con- A Table 6
tour with the maximum density
at the bottom of the root radius
(see Figure 3).
5.5.3 |Microstructure |Shall not: Microscopic exam- Q 5
and overheating | p oy, microporosity or major Ination ata mags A Table 6
segregation; nification of 100k
’ (see Figure.2), after
— show evidence of overheat- |appropriate’etching
ing, decarburization, carburi-
zation, nitrogenization or inter-
granular oxidation in excess of
the limits specified in Table 9.
Overheating of the head, except
for the bearing surface, is per-
mitted provided that jtsmaxi-
mum depth, measurednormal
to the surface of theyhead, does
not exceed:
— 1,5 mmAfordiameters < 16
mm;
— 2,8-1mm for diameters > 16
min,

5.5.4 |Grain size The grain size of the finished Microscopic exami- Q 5
bolts when compared with nation at a magnifi- A Table 6
plate [1in ASTM E112:2004 cation of 100x
shall not be coarser than 5.

Isolated grains not exceeding a
mean diameter of 0,23 mm are
acceptable.
5.5%5 {Discontinuities |See Table 9. Fluorescent pene- Q 5
(before Coating) Care shall be exercised to avoid trant inSpeCtion ac- A Penetrant
confusing cracks with other cording to [50 3452-1 Tables 3
discontinuities. and 4
In case of doubt, Microscopic
submit suspect bolts examina-
to a microscopic tion Table 6
examination at a
magnification of
100x (see Figure 2),
after appropriate
etching.
5.6 Marking In accordance with the defini- |Visual inspection Q 25
tion document A Tables 3
and 4
© IS0 2016 - All rights reserved 7
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Table 1 (continued)

Clause | Characteristic Requirement Inspection and Designa- Sample
test method tiona size
5.7 Delivery
5.7.1 |Packaging To prevent all damage or cor- |Visual inspection A 100 %

rosion occurring in the course
of handling, transportation
and storage

Each basic package shall only
contain bolts from the same
inspection [0t NUMber.

5.7.2 |Labelling Each basic package shall carry a|Visual inspection A 100 %
label which legibly indicates:

— the designation as specified
by the definition document;

— the quantity;
— the inspection lot number;

— the inspector’s stamp.

5.7.3 |CQertificate of At the demand of the customer, |Visual examination A 1000 %
onformity each delivery shall be accompa-
nied by a certificate of
conformity certifying that,
without exception or dispen-
sation, the bolts satisfy the
requirements of this document,

a Q= Qualififation, A = Acceptance.

8 © IS0 2016 - All rights reserved
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Table 2 — Summary of inspections for qualification and allocation of bolt samples

De- Bolt sample number
Charac- fined
teristic in (1/2|3|4|5|6|7(8|9(10(11(12|13|14|15|16(17|18|19|20|21|22|23|24|25

Non-de-
structive

Dimen-
sions

Fillet
between

head qma X X X XX
shank

Surfade

5.3.52
roughpess

Surfade

: 5.3.6
coatinjg

X
BEEEE

Reces
removal 5.4.3
torqug

Discorn-
tinuities
(before
coating)

|
5552 |X|X|X|[X|X

Markihg

X X|X| X [X[X [ X JXPX XX XXX X[X[X|X]X[X]X

Destrjic-
tive

Tensilg
strength

Doublg¢
shear 5.4.2
strength

BEERE
x]3)x)s|x

Head-to-
shank 551 [X
grain flow A

>
>

\
Threafl 552 8\%

grain flow

and over-
heatinlg

X
Micro ) Q)
structpre 5'56Vg: x| x

Grain fize 54 XXX

a Tes Q\th carried ont prior to coating

© IS0 2016 - All rights reserved 9
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Table 3 — Classification of defects

Category of defects | Acceptable quality level Characteristics

(AQL)
0,065 % Discontinuities

Thread size

Shank diameter
Grip length

Fillet radius: distortion and dimensions

Drilled hole(s) missing when required
Surface roughness

Burrs and tool marks

Major 1% Surface coating

Marking

Depth of lightening hole
Thread form

Incomplete threads

Head angle (countersunk head)

Perpendicularity‘of head-bearing surface

Straightness0f Shank

Overall length

Head-diameter

Lightening hole diameter

250 Drilled hole(s) position tolerance and diameter
) 0

Wrenching configuration

) Run-out — Head external diameter to shank

Minor

Run-out — Thread pitch diameter to shank

Recess torque
Chamfer of thread end

Hexagon head: chamfer and washer face
Collar height
Head height

4%

10 © IS0 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)
in accordance with the acceptable quality level (AQL)
Production batch size Sasril;l;le AQL 0,065 % AQL 1% AQL 2,5 % AQL 4 %
Ac LQ1o Ac LQ1o Ac LQ1o Ac LQ1o
% % % %
to 8 2 l l l l l l l
9 to 15 3 \) l \ l \ \) 0 53,6
1 to 25 5 L L L L 0 369 )
2b to 50 8 l l l l l T l
5 to 90 13 \) l 0 16,2 T \) | 26,8
9L to 150 20 l l T T 1 18)1 4 24,5
1%1 to 280 32 l l l l 2 15,8 19,7
281 to 500 50 ) l 1 7,56 3 129 b 17,8
5:[1 to 1200 80 l l 2 6,52 5 11,3 1 14,3
1201 to 3200 125 l l 3 527 7 9,24 10 12,1
3701 to 10 000 200 0 1,14 5 4,59 10 7,60 |3 9,81
10 001 to 35000 315 T T 7 3,71 14 6,33 21 8,84
35001 to 150 000 500 \) l 10 3,06 21 5,60 T
150/001 to 500 000 800 1 0,485 14 2,51 T ) T
T Use $ampling plan above (sample size and Ac).
| Use $ampling plan below (sample size and Ac).
The dpta given in this table are based on single sampling plans for a normal inspection, as specified in ISP 2859-1:1999,
Tableg 2-A and 6-A. A 100 % inspection should beperformed when the sample size is equal to or greater than the batch size.
Other|sampling plans specified in ISO 2859-1mgy be used (double or multiple sampling), but these shall be chosen in such a
way af to ensure an equivalent quality limit.
For thiose manufacturers who carry putan inspection during the manufacturing process (inspection on a npachine and/or
inspeqtion between operations), the sampling plan for the final inspection shall be compiled in such a way ghat the overall
inspe¢tion plan shall guarantee an‘equivalent quality limit.

© ISO 2016 - All rights reserved
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Table 5 — Minimum loads for tensile2 and double shear?b tests

Thread Tensile strength test
Countersunk head Double shear
Diameter | Pitch Pro}:ruding Reduced head strength test
ead Normal head
No recess Recessed

mm mm kN kN kN kN kN
4 0,7 10,5 8,38 5,24 4,71 16,6

5 0,8 16,8 13,5 8,41 7,57 25,9

o) 239 19,1 12 10,8 373
/ 1 34 27,2 17 13,6 50,8
B 45,9 36,7 22,9 18,3 66,4

10 1,25 71,7 57,3 35,8 28,7 104

12 107 85,6 53,5 42,8 149

14 145 116 72,5 58 203

16 193 154 96,5 61,8 266

18 1,5 249 199 125 79,7 337

30 311 249 156 99,5 415

32 380 304 190 122 502

34 2 442 354 221 141 597

a  Sg¢e Annex A for areas and formulae.
b S¢e Annex B for areas and formulae.

Table 6 —[Sampling plans for the inspection of mechanical and metallurgical characteristics

Production batch size Sample size Acceptance number
destructive testing (Ac)
<500 3 0
501to 3200 5 0
3201to 35000 5 0
235001 8 0

Table7-— Variable sampling for tensile and shear tests

Acceptable quality level
approximately AQL 1 %
Production bateh size Sample . Combined
number . First sample
Sample size | Total sample
1’\’3 ‘y(r "‘,t
First 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 6 6 2,22 0,94 —
281 to 500
Second 12 18 — — 1,7
First 7 7 2,32 1,1 —
501 to 1200
Second 14 21 — — 1,78
First 8 8 2,48 0,99 —
1201to 3200
Second 16 24 — — 1,81

12

© ISO 2016 - All rights reserved
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Table 7 (continued)
Acceptable quality level
approximately AQL 1 %
Production batch size Sample . Combined
number . First sample
Sample size | Total sample
Ka Ky Kt
First 10 10 2,34 1,31 —
23201
Second 20 30 — — 1,8
Evaluate each sample by tensile or shear tests as follows:
Fist sample: accept if )_(1 -K,S1=2M Reject if )_(1 - K:S1.<M
Take p second sample if batch is doubtful; evaluate as follows:
S¢cond sample: acceptif X, - KiS¢= M Reject if X o <KSc< M
Definfition of symbols:
X is the average of X1 individual values in the first sample;
KJ, Kr and K; are coefficients of S, which is the best estimate of standardideviation, and are used to deter-
mine acceptance or rejection of the batch represented by the sample;
is the minimum tensile or the minimum shear value<aceording to Table 5;
X is the average of X; individual values in the combined samples;
2
2
Ny ZX 1 (ZX 1)
Sy =
N, (1v1 - 1)
wherg
N is the sample size of the first sample;
>X12 is the sum of squares of Xy'values;
(AX1)2 is the square of the.sium of X; values;
X ? ’
5| = Ntz t _(th)
t N (N 2 1)
t t
wherg
N is the sample size of the combined sample;
> X2 is the sum of squares of X; values;
(X2 is the square of the sum of X; values.
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Table 8 — Discontinuities

Maximum depth, normal to surface
mm
Type Location Bolts thr(_eaded to Bolts Bolts
head (all diameters) | 5mm <D <16 mm D> 16 mm
and other bolts
D<5mm

Cracks All zones 0 0
Laps, Head-to-shank fillet 0 0
seams, Root of threada 0 0
inclusions Non-bearing surface of head 0,3 0,25 043
Seams Shank and bearing face 0,15 0,12 0,15
Laps and
seams, form
ing an angle|of
more than 1p° Shank 01 0 0
with the longi-
tudinal axis
Laps Unload flank of threads See Table 9 and Figures 4 and/5.

See Table 9 and Figures 5 and’7.
Lapsand/or| |- . . cipoadb NOTE Values increased by half the difference between|the
crevices actual measured diameter and the minimum external dipme-

ter (see ISO 5855-2).
a  SeeFigurd4.
b See Figurd6.

Table 9 — Thread'discontinuities2

Dimensions in millimetres

Thread pitch Maximum depth

0,5 0,06
0,7 0,08
0,8 0,09

1 0,12
1,25 0,15
1,5 0,18

2 0,24

a  Nature and position.
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|

- A
——

NOTE Cut grain acceptable in the zone identified by Z dimensions (where R max. is the maximum fillet radius
speciffed in the definition document).

Figure 1 — Head-to-shank grain flow (see 5.5.1)

=D /2 =D /2

=D /2 2D /2

Key
= Cut here fortest pieces to be subjected to micro- or macroscopic examination.

Figure 2 — Metallurgical test pieces (see 5.5.1 to 5.5.4)

Figure 3 — Grain flow in threads (see 5.5.2)
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Key

Ul s W N =

Key

Ul s W N =

16

~

non-loadg¢d flanks
minor digmeter
pitch diarpeter
major diameter

non-pernjissible laps and seams

Figure 4 — Non-permissible laps, seams and surface irregularities in threads

5 5

L

non-loadg¢d flanks
minor digmeter
pitch diarpeter

major diTlmeter
permissihleJaps and seams

Figure 5 — Permissible laps and seams in threads
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