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European Foreword

This document (CEN/TR 17603-32-23:2022) has been prepared by Technical Committee CEN/CLC/JTC 5
“Space”, the secretariat of which is held by DIN.

It is highlighted that this technical report does not contain any requirement but only collection of data or
descriptions and guidelines about how to organize and perform the work in support of EN 16603-32.

This Technical report (CEN/TR 17603-32-23:2022) originates from ECSS-E-HB-32-23A.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association.

This document has been developed to cover specifically space systems and has therefore precedence over
any TR covering the same scope but with a wider domain of applicability (e.g.: aerospace).
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Introduction

. ABSTRACT
The aim of the present handbook is to assist the structural design engineers by presenting them in a
single document with all the information relevant to the use of threaded fasteners in jointed
spacecraft components.

. BACKGROUND
Threaded fastener joints represent critical areas within structures and it is evident that a standardised
methodology is needed for their design.

Thus, the aims of this document are:

— to bring together into one document a reliable and systematic design procedure to aid the
designer and improve the efficiency of the design process, and

— to provide an approved and reliable design procedure that will reduce the possibility of design
errors and subsequent structural failure.

This document addresses these aims with particular reference to Space Structures and related
hardware. This constraint is reflected in the range of joint geometries covered and structural
applications, and also the range of fastener types and materials for which data is presented.

. PURPOSE OF THIS ISSUE

ESA PSS5-03-208 “Guidelines for threaded fasteners”, on which this document is based, provided a
number of methodologies for analysis of threaded fastener joints in spacecraft structures. This
document is an update of the PSS taking into account more recent developments in the field. It is
intended to standardise the analysis approach and corresponding documentation for threaded
fastener joints developed in ECSS projects. Therefore, this document presents a “Margin of Safety”
for each mode of failure that should be considered. All relevant margins of safety should be shown
in verification documentation.

. GUIDELINE LIMITATION AND IDENTIFIED PROBLEM AREA
This handbook does not provide theory for the following types of analysis:
—  Compliance of cantilevered flange joints with non-circular flanges
— Friction grip of eccentric shear loaded joints
—  No failure criteria are provided for fastener bending, which sometimes should be considered

(see Subsection 9.3.2)

. GUIDELINES FOR THE USE OF TERMS AND DEFINITIONS
Due to the extensive used of threaded fasteners in a multitude of countries and industries, there is a
wide variety of terminology in use today. For the purposes of making a clear and coherent handbook
it was necessary to adopt a single consistent set of terminology. The terminology that was chosen is
presented in 3.2. To avoid confusion, it is recommended to refer to this section frequently when
reading the document.
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1
Scope

The users of this document are engineers involved in design, analysis or verification of joints on structures
used for space missions. It is a guidelines document; therefore it includes advisory information rather than
requirements.

This document is intended to be applicable to any type of joint that is mechanically connected by threaded
fasteners (e.g. bolts, screws, etc). It is written for joints made from metallic materials. However, subject to
the engineering judgement of the user, many of the procedures presented herein may be applicable to joints
made from composite materials.
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2
References

References are provided at the end of each section.
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3
Terms, definitions and abbreviated terms

3.1 Terms from other documents
For the purpose of this document, the terms and definitions from ECSS-5-ST-00-01 apply.

3.2 Terms specific to the present document

3.21 applied torque
final tightening torque applied by the torque wrench to the fastener or nut

NOTE It is also called the “installation torque”.

3.2.2 clamped parts
regions of the joint that are compressed by the fastener

NOTE Among the clamped parts in a joint, there will always be at least two
“flanges”. Other clamped parts that have specialised functions include:
washers, spacers, gaskets, etc.

3.2.3 female threaded part
threaded part into which the male threaded part is inserted during fastener installation

NOTE  This is normally equivalent to either a “nut” or a “threaded hole flange”.

3.24 flange

“clamped part” that transmits loads from a threaded fastener to other regions of the structure

3.2.5 insert

part with a threaded hole, which is embedded in a weaker material in order to increase the loads that can
be transmitted through the joint

NOTE It is normally a metallic part.

3.2.6 joint
region of the structure in the vicinity of the threaded fastener

NOTE The dimensional extents of the joint depend on the engineering issues
under consideration.
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3.2.7 locking device

physical means by which the fastener is held in tension during service and that avoids loosening of the
fastener

NOTE  Locking devices provide the so called “prevailing torque or self-locking
torque or running torque”.

3.2.8 male threaded part
threaded part that is designed to fit within a threaded hole

NOTE This is normally equivalent to the “threaded fastener”.

3.29 nut

device with an internally threaded hole with the primary functions being the application of tension to the
shaft of a “threaded fastener” and compression to the “clamped parts”

3.2.10 nut-tightened joint —

joint with a “threaded fastener” that is tightened by a “nut”

3.2.11 prevailing torque
torque provided by the “locking device”
NOTE This torque needs to be overcome before the threaded fastener can loosen
(also called “running torque or self-locking torque”).
3.212 prying
change in a fastener’s loading caused by a levering action in flexible flanges

NOTE It occurs in eccentrically loaded joints, see Section 8.

3.2.13 running torque

See “prevailing torque”

3.2.14 seating torque
torque that, when applied, produces the compression of the flanges and the preload on the fastener.

NOTE When added to the prevailing torque the resulting torque is called the
installation torque.

3.2.15 thread

helical groove on the external surface of a shaft (male thread) or the internal surface of a hole (female thread)

3.2.16 threaded hole flange

“flange” with a threaded hole into which a “threaded fastener” is inserted and tightened

3.2.17 threaded hole joint

joint in which the “threaded fastener” screws into a “threaded hole flange”
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3.2.18 threaded interface

pair of internal and external “threads” that are designed to fit together allowing relative rotation, and
thereby variation of the length of the “threaded fastener” system

3.2.19 threaded fastener

device that joins multiple parts together by compression of their flanges, where the compression is achieved
by rotation of a threaded shaft into a threaded hole

NOTE This definition includes all commonly types of threaded fasteners such as;
bolt, screw, threaded pin, etc. Throughout this document, the term
“threaded fastener” is frequently simplified to the word “fastener”.

3.3 Abbreviated terms

For the purpose of this document, the abbreviated terms from ECSS-5-ST-00-01 and the following apply:

Abbreviation Meaning

ASME American Society of Mechanical Engineers

BS British Standard

CNES Centre National d'Etudes spatiales (French space agency)

DIN Deutsches Institut fiir Normung (German institute for
standardization)

ECSS European Cooperation on Space Standardization

EDM Electron Discharge Machining

ESA European Space Agency

HB Brinell Hardness

ISO International Standards Organization

IVD Ion Vapour Deposited

LEFM Linear Elastic Fracture Mechanics

LN Luftfahrt Norm (German aviation standard)

M Metric type thread

MGSE Mechanical Ground Support Equipment

MJ Metric J-type thread (for improved fatigue performance)

MoS Margin of Safety

NASA National Aeronautics and Space Administration

PSS Procedures, Standards and Specifications

PTFE Poly Tetra Fluoro Ethylene

SCC Stress Corrosion Cracking

UN Unified thread
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Abbreviation Meaning
UNC Unified C-type thread
UN]J Unified J-type thread (for improved fatigue performance)

3.4 Variables

3.41 Uppercase variables

For the purpose of this document, the following uppercaser variables apply:

Variable Meaning

A Cross-section area of a joint part (in the plane
perpendicular to the fastener axis)

As Effective cross-sectional area of a fastener for stress
analysis

Asm Effective cross-sectional area of a fastener for stiffness
calculations

Am Area of the (cylindrical) surface assumed to fail during

thread pull-out
Ao Minimum cross-sectional area of a fastener shank

As Cross-sectional area of a fastener based on the thread root
diameter, ds

C Transverse width of an eccentric joint (see Figure 7.2.1)

Davait Available diameter for compression zone spreading (see
Section 7.7)

Dn Nominal diameter of a hole

Diim Maximum cone diameter of compression zone spreading

(see Section 7.7)

Dunorg Outer diameter of the under-head or under-nut bearing
surface (see Section 7.7)

E Young’s modulus

Fa Axial force transmitted by joint

Fq Shear force transmitted by joint

Fv Nominal preload

Fz Maximum loss of preload due to relaxation (includes all

sources, e.g. embedding, creep, etc)

Fy Tensile force transmitted by a fastener
F. Compression force transmitted by the clamped parts
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Meaning

Increment in fastener tension caused by the application of
the external axial load, Fa

Increment in clamped parts compression caused by the
application of the external axial load, Fa (negative for
increased compression)

Clamping force acting at the interstice between two
flanges

Axial force transmitted by the thread

Maximum (most positive) increment in a fastener’s axial
load due to thermo-elastic effects

Minimum (most negative) increment in a fastener’s axial
load due to thermo-elastic effects

Radius of gyration of the effective interface area between
clamped parts

Second moment of area of the clamped parts interface
area

Stiffness of a joint part (N/m)
Critical stress intensity factor
Critical stress intensity factor for stress corrosion cracking

The joint length. The combined thickness of all clamped
parts (measured without any externally preload or
applied load).

Length of the nut

Length of the fastener head
Length of the clamped parts
Change in length of the fastener

Change in length of the clamped parts

Peak torque applied to the fastener or nut during
tightening (includes the prevailing torque, Mp) (Map is
also called ‘installation torque”)

Bending moment transmitted by joint (see Figure 4.3.1)
Prevailing torque (also called ‘running torque’)
Torsional moment transmitted by joint (see Figure 4.3.1)

Torsional moment transmitted by the thread (does not
include prevailing torque, Mr)

Torsional moment transmitted by frictional forces at the
under-head or under-nut interface

Shear strength ratio
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Variable Meaning

Rz Average surface roughness

Sr Slip resistance of a joint

Tworking The working temperature of the joint (specified with

upper and lower bounds)

Treference The reference temperature (generally taken as the
assembly temperature)

AT Change in temperature
Wy Polar section modulus
W ' Yield-corrected polar section modulus
p
3.4.2 Lowercase variables

For the purpose of this document, the following lowercase variables apply:

Variable Meaning

a Load eccentricity (distance from joint axis to axis of
applied load)

ax Distance between the edge of the under-head bearing

surface and the point of load introduction (used for
eccentric joints, see Section 6.6)

ai Edge distance (measured from hole axis to edge of flange)
Effective longitudinal with of the joint (see Figure 7.2.2)

Nominal diameter of a fastener

ds Effective diameter of a fastener for stress calculations

dhead Diameter of fastener head

dsha Diameter of a shank segment

dsm Effective diameter of fastener used for stiffness
calculations

dun Effective diameter at which under-head or under-nut

frictional forces act

du,brg Outer diameter of the under-head or under-nut bearing
surface

do Minimum diameter of a fastener shank

d> Pitch diameter of a fastener thread (assumed diameter at

which torsion forces are introduced within a thread)

ds Diameter of a fastener’s thread root
fz Plastic deformation of the joint due to embedding
... Documents
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Variable

Jar
h

hx

Sfy
Sf:gup
Sfult

Sw

3.4.3 Symbols

CEN/TR 17603-32-23:2022 (E)

Meaning

Thermal elongation of an item

Thickness of a flange (referred to as a ‘length’ for
compliance calculations)

The distance between the point of load introduction and
the interstice (used for eccentric joints, see Section 6.6)

Loading plane factor
Pitch of a thread

Clamping eccentricity (distance from joint axis to fastener
axis)

Safety factor to be applied to yield analysis
Safety factor to be applied to gapping analysis
Safety factor to be applied to ultimate strength analysis

Size of wrench (measured ‘across the flats’ of a head or
nut)

Number of faying surfaces that resist the shear load

For the purpose of this document, the following symbols apply:

Symbol
a
g

~

&S v S S R

7]

Meaning
Coefficient of thermal expansion for a material

Uncertainty factor used in the typical coefficient method
(not applicable to the experimental coefficient method)

Coefficient of utilization (ratio of preload stress to yield
stress)

Under-head bearing angle (see Figure 4.4.3)

Torque wrench accuracy used in the experimental
coefficient method (expressed at a + value)

Compression cone half angle (see Section 6.6)

Thread helix angle (see Figure 5.2.1)
Local friction angle at thread interface
Half angle of thread grooves (see Figure 4.4.3)

Compliance of the fastener (see Section 6.5)
Compliance of the clamped parts (see Section 6.6)

Axial stress in fastener due to nominal preload, Fv
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mbo eanin

Symbol M g

o, Yield stress

Ly, Friction coefficient at the thread interface

Ly, Friction coefficient at the under-head or under-nut
interface

U, Friction coefficient at the slipping interface (the interstice

between the loaded flanges)

o, Bearing stress
o, Von mises stress
T Shear stress
() Basic force ratio (assumes n=1 and a concentric joint)
D, Force ratio of a concentric joint including the loading

plane factor effect
O Force ratio of an eccentric joint including the loading

plane factor effect
D, Force ratio of a joint with cantilever flanges
v Inversion compliance (used for circular flange

compliance, see Subsection 7.3.1)
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344 Subscripts

For the purpose of this document, the following subscripts apply:

Subscript Meaning
b Fastener (or bolt, screw, etc.)
c Clamped parts (refers to the net elastic properties of all

the clamped parts in a joint)

nom Nominal

max Maximum

min Minimum

free Used for fastener or clamped parts lengths to indicate

that the measure is in the absence of applied loading

sub Substitutional

th Thread

y yield

ult Ultimate

eff Effective

eng Engaged

crit Critical

tot Total (or overall)
sep Separation

comb Combined (loads)
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4
How to use the guidelines

4.1 Introduction

This guidelines document contains a number of self-contained sections covering specific joint
configurations and joint loading situations. Additionally, it contains a number of sections on ancillary
subjects related to joint design.

In general, the user of this document will be experienced in structural design and will make use of the
various sections as needed. However, to assist the first time user and to provide a 'check list' of essential
features to be considered when designing joints, this section includes a procedure guiding the user to the
relevant sections of this document.

The various steps are discussed below and then summarised in a flow chart. Since the purpose of this part
of the Guidelines is to direct the user through the document, in general, the logic criteria on which the
decisions (accept/reject, yes/no) are made are not stated, rather these are included in each of the relevant
sections (referenced as appropriate).

4.2 Procedure

421 Stage 1

4211 Defining Joint & Loads

The precept on which the guideline is based is that the joint being analysed can be isolated from the
surrounding structure. The joint can then be represented by one of five main joint categories, which depend
on its configuration and applied forces. Therefore, the first task is to define the physical extent of the joint
within the structure, and identify its category (see Section 5). It is assumed that an analysis of the structural
system in which joint exists has been carried out in sufficient detail to specify the loads transmitted via the
joint.

421.2 Combined Loading

The case of combined axial and bending loading is treated as an eccentric axially loaded joint, and dealt
with in Clause 8. A method is given in Clause 9 to deal with combined axial and shear loading which is
assumed to be the most frequently encountered.

4.21.3 Dynamic Loading

In all but exceptional cases the working load on the joint will be dynamic. This is dealt with in more detail
in each section, as appropriate. However, it is recommended that the engineer, at an early stage in the design
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process, is aware of the influence of varying external joint loads on the loads transmitted by the fastener
and at the clamped interface. Reference is therefore made to Section 7.4, which discusses the force ratio.

4214 Thermal Loading

Analysis of preloaded joints operating in a varying temperature environment is needed to ensure that they
meet functional requirements across the full temperature range. Section 6.4.1e covers the effects of
temperature change on the preload. Furthermore, certain joints have requirements for thermal conductivity
to be either above or below certain limits. Section 10 covers the analysis of thermal conductivity.

4.2.2 Stage Il

4.2.21 Joint Analysis & Design Procedures

Depending on the category of joint, the user is directed to the appropriate section, which details the
equations needed to calculate Margins of Safety (MoS) for all relevant failure modes. Worked examples are
provided to illustrate the application of the proposed design procedures.

42.2.2 Embedding & Relaxation

For many joint designs the effects of embedding and relaxation are important. These effects are covered in
Section 6.4.1e.

4.2.2.3 Fatigue & Fracture Mechanics Aspects

For a more detailed analysis of either fatigue or fracture mechanics analysis, the user is referred to
Section 11, which treats these subjects in more detail.

If, within the general design constraints, the joint meets neither the basic nor the detailed fatigue criteria, it
may be necessary to reconsider the initial joint design concept.

423 Stage Il

4.2.31 Corrosion

Environmental effects are identified as an important design parameter. Section 13 discusses a number of
corrosion mechanisms relevant to joint components and provides a checklist against which the proposed
design can be assessed and possible problem areas identified. Where a severe or intractable corrosion
problem is predicted it may be necessary to review the initial structural concept, which may lead to a change
in the joint’s materials or detailed design.

4.2.3.2 Methods of Preloading & Lubrication

It is expected that at some stage the fastener assembly method is specified, together with the use or not of a
lubricant. The method of preloading can be critical as this determines the accuracy with which the fastener
preload can be achieved.

. . Documents

Documentzgharing Hub

Full document details: PD CEN/TR 17603-32-23:2022


http://www.avadocuments.com/doc/pd-cen-tr-17603-32-23-2022
http://www.avadocuments.com/doc/pd-cen-tr-17603-32-23-2022

CEN/TR 17603-32-23:2022 (E)

Section 12 covers a number of different methods of installing preloaded fasteners. Design data and
estimates of achievable accuracy for the preload are given where appropriate.

Section 14 contains advice on lubrication aspects and contains details of the characteristics of a selected
range of fastener lubricants.

4.2.3.3 Preloading Method

The calculation procedures need that a particular preloading method is specified at the start of the design
process. It is necessary to check later that the specified preloading method is capable of ensuring the preload
accuracy to be achieved, and also that it is compatible with joint location and access constraints.

4.2.4 Stage IV

4241 Manufacturing Quality Control Procedures

Section 15 provides the engineer with a guide to the factors that need to be controlled during production to
guarantee adequate joint performance.

4.24.2 Joint Validation by Testing

Consideration needs to be given to demonstrating that the joint design is adequate. This may be achieved
either by testing the complete structure or by isolating and testing individual joints. These aspects are
covered in Section 16.

4.3 Annexes

The following Annexes of the document contain additional technical data that may assist the engineer
undertaking design of threaded fastener joints:

J A: Recommended starting values for seating torque
J B: Measured Friction coefficients of fasteners
J C: Typical friction coefficients for joint materials
J D: Material data of fasteners typically used in the aerospace industry
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5
General Fastener Analysis Guidelines

5.1 Introduction

For the purposes of this guidelines document the different types of joints have been divided into the
following five main categories;

a. Concentric Axially Loaded Joints,
b. Eccentric Axially Loaded Joint,

C. Shear Loaded Joints,

d. Combined Loaded Joints, and

e. Low Duty Joints.

These are defined by the geometry and system of loading. Due to the different verification procedures
“Shear Loaded Joints” and the “Combined Loaded Joints” are further subdivided in to;

J Bearing Joints, and
J Friction Grip Joints.

The categorisation of joints in this manner is reflected in the structure and format of the document. Within
each of the main categories, sub-categories can be identified depending on specific geometrical or loading
attributes. Details of the main categories together with examples of typical sub-categories are illustrated in
this section. It is intended that this will both indicate the range of joint types covered in the guideline and
operate as an index to direct the user to the relevant parts of the document.

5.2 Main Joint Categories

5.21 Overview

The definition for a particular joint configuration depends on the geometry of the clamped parts and
fasteners, and the effective loading applied at the fastener (or fastener group). As stated in Section 1 it is
assumed that the user has knowledge of the system of loads acting on the joint in the vicinity of the
fastener(s); these being derived by analysis of the overall structure prior to detailed consideration of joint
design. Adequate definition of the applied loading system is essential as this may determine the particular
category to which a joint belongs and hence the method of analysis adopted. This is particularly critical
when distinguishing between concentric and eccentric axially loaded joints. The selection of the appropriate
analysis for the combined loading case is also dependent on adequate specification of the loading system.
More complex situations arise where combined loading occurs, typically axial, shear and bending.
However, where a single load is dominant in a combined loading case and other load(s) are small it may be
possible to assume the joint falls into one of the first three categories outlined below, thereby simplifying
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the analysis without significant reduction in accuracy. Criteria are included to determine when such an
assumption is applicable.

5.2.2 Concentric Axially Loaded Joints

The distinguishing feature of this joint category is that the line of action of the applied loading on the joint
is parallel to and coincident with the longitudinal axis of the fastener. Therefore, any combination of joint
geometry and system of applied loads which conform to this definition may be analysed by the methods
and procedures specified for this category.

Examples of joints for this category are illustrated in Figure 5-1 to Figure 5-3. For clarity a single fastener is
shown, although in many cases the same analysis may be applied to a group of fastener if they are in a
symmetric pattern. However, it should be noted that the effect of flange flexibility can lead to eccentric
fastener loads in joints that with symmetric fastener pattern (see Figure 5-3, Joint 17).

5.2.3 Eccentric Axially Loaded Joints

For this joint category the line of action of the applied loading on the joint, whilst being parallel to the
fastener longitudinal axis, is not coincident, but offset. The result of this is that a “prying” (or “prising”)
action occurs between the clamped parts of the joint such that bending loads are introduced under the bolt
head and in the shank. Three fundamental loading case variants can be identified depending on the relative
position of the bolt axis, line of action of the applied load, and the joint centroid.

This category of joint and its variants represent a large proportion of the joints encountered in practice. The
main examples of these are illustrated in Figure 5-1 to Figure 5-3. For clarity a single fastener is shown,
although in practice this may be a group.

5.24 Shear Loaded Joints

The principle feature of this joint category is that the line of action of the applied loading on the joints is in
the plane of the clamped parts immediately adjacent to the fastener, and therefore normal to the fastener
longitudinal axis. The forces need not be coplanar if the joint is of the non-symmetrical or single lap shear
type. Joints of this type may be further subdivided into friction grip or bearing categories, depending on
whether load is transferred through the joint by friction at the faying surfaces or by transverse shear in the
fastener(s). Examples of joints in this category are illustrated in Figure 5-1 to Figure 5-3. For clarity a single
fastener is shown, although in practice this may be a group if the joint has multiple fasteners.

5.2.5 Combined Loaded Joints

The essential feature of this joint category is that more than one system of loads act on the joint relative to
the fastener axis. In the most general case features of all the preceding categories will be combined.
Examples of joints for this category are illustrated in Figure 5-1 to Figure 5-3. For simplicity a single fastener
can often be considered, although in practice the same may be a group if the joint has multiple fasteners.

During the design process, joints initially being placed in the (most general) category of combined loaded
joints may be reclassified into a sub-category, for the purpose of analysis. This guideline does not provide
specific criteria for determining when this simplification can be assumed. Rather, the appropriate analysis
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method should be determined using engineering judgment considering the relative magnitudes of the shear
and axial loads, the configuration of the joint and any other relevant attributes of the design.

5.2.6 Low Duty Joints

Joints in this category have loadings and configurations that fit into one of the preceding categories,
however they form a unique category since they have small external loading with respect to the fastener
strength. In many cases this will be readily apparent due to the particular application, e.g. hold-downs,
access panel attachments, etc. Some example diagrams of joints that frequently fall into this category are
shown in Figure 5-1 to Figure 5-3.
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Figure 5-1 - Joint Categories (1 to 6)
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Figure 5-2 - Joint Categories (7 to 12)
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Figure 5-3 - Joint Categories (13 to 17)
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5.3 Joint Analysis Procedure

5.31 Overview

The calculation of a mechanically fastened joint begins with the definition of the external operational
loading environment, which includes the axial load Fa, the shear load Fg, the bending moment Mz and the
torsional moment Mr (if present). For the fastener analysis it is assumed, that these external forces and
moments are known. Figure 5-4 shows a joint with the dimensions indicated.

Figure 5-4 - Definitions of Forces and Moments Acting on a Joint

Based on the applied loads and expected operating environment the joint’s configuration can be determined
including details such as the preload in the fastener, flange dimensions and the materials used. Following
this, the functionality and strength of the joint system should be verified by calculating all relevant Margins
of Safety (MoS) according the Equations presented in this document (see below).

5.3.2 Margins of Safety
Positive values should be demonstrated for all MoS that are applicable to the specific type of joint.
The generic equation for a Margin of Safety is,

_ Allowable Load .
Limit Load x sf

MoS [5.3.1]
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where the Allowable Load is the load at which a mode of failure is predicted to occur and the Limit Load is
the determined by analysis of the service loads expected during the joint’s lifetime. The sf is the safety factor
corresponding to the specific mode of failure being considered.

For each of the joint modes of failure covered in this document, equations derived for the MoS are provided.

Table 5-1 shows where each of the MoS derivations is given in this handbook.

Table 5-1 Margins of Safety to be analysed for a threaded fastener

MoS Relevant failure mode Relevant joint Refer to
variable | Description categories handbook
name Friction bearing setion
grip
MoStiy & Combined stresses in fastener Yes Yes 6.5
MoSt,utt during tightening
(yield and ultimate)
MoSsep Separation (or gapping) of Yes Yes 7.9
flanges
MoSay & AXIAL STRESS IN FASTENER FOR Yes Yes 710
MoSa EXTERNAL LOAD ONLY
(YIELD AND ULTIMATE)
MoStoty & Axial stress in fastener due to Yes Yes 7.10
MoStotut preload and external load (yield
and ultimate)
MoSm Shear pull-out of thread (either Yes Yes 7.11
nut or insert)
MoScrush Crushing of flanges Yes Yes 7.12
MoSsiip Slipping of joint flanges Yes No 9.2
MoSaoy & Shear load in fastener No Yes 9.3.2
MoSqu (yield and ultimate)
MoScomb,y & | Combined loads on fastener No Yes 9.3.2
MOScomb,ult (yield and ultimate)
MoShet Net tension section failure of No Yes 9.3.3
flange
MoSekry & Bearing stress on flange hole No Yes 934
MoSebr,uie (yield and ultimate)
MoSso Shear-out of flange No Yes 9.3.5
MoSben Bending load on fastener No Yes [1]
1. Not included in this version of the handbook, however this failure mode should be assessed

. . Documents

38

Full document details: PD CEN/TR 17603-32-23:2022

Document Sharing Hub


http://www.avadocuments.com/doc/pd-cen-tr-17603-32-23-2022
http://www.avadocuments.com/doc/pd-cen-tr-17603-32-23-2022

5.4 Joint Geometry

5.4.1 Fastener Geometry
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For a fastener analysis several dimensions are important. These are depicted in Figure 5-5 and Figure 5-6.

duh,hrg
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Figure 5-5 — Fastener Dimensions
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Figure 5-6 — Definition of the under-head bearing angle
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Table 5-2 shows the definitions of the physically measurable fastener variables used in this handbook. Some
of these are omitted from Figure 5-5 for clarity.

Table 5-2 Physical Dimensions of Fasteners

Variable Definition Notes

p Pitch of thread

h Height of the basic thread

d Nominal fastener diameter Outside diameter of thread

do Diameter at smallest cross-section of fastener

shank

ds Minor diameter of thread For the true thread, not the basic
profile

dsha Shank diameter For necked-down fasteners

dunbrg Outer diameter of bearing area Either under a head or under a
nut

Dn Nominal diameter of hole in flange

Ao Smallest cross-section of fastener shank

As Cross-sectional area at minor diameter of

fastener thread

A Under-head bearing angle Always 100° for countersunk
aerospace standard fasteners
(right side of Figure 5-6)

Sw Size of wrench Across flats dimension of either a
head or a nut

5.4.2 Thread Geometry

Figure 5-7 shows the geometric definition of the metric (M and M]J) threads. Both the male and female
threads are based on the “Base Profile” shown in the left of the figure. The base profile defines the maximum
spatial envelope of the male threaded part (normally the fastener itself), and the minimum spatial envelop
of the female threaded part (normally the nut or threaded hole). The exact thread profiles are defined in the
relevant standards. The only difference between M and M]J type threads is the thread root radius, which is
larger (to give improved fatigue performance) in the MJ type thread.

Table 5-3 shows the definitions of the derived fastener variables used in this handbook.
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Figure 5-7 — Thread Geometry
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Table 5-3 - Derived Dimensions for Metric Fasteners

Variable Notation | Equation
Pitch diameter de =d-0.64952 p [5.4.1]
Minor diameter ds =d-1.22687 p [5.4.2]
Diameter used for stress ds =0.5 (d2 + ds) [5.4.3]
calculation (for M type thread)
= see stress area below [6.4.4]
(for M] type thread)
Diameter used for stiffness dsm =ds [6.4.5]
calculation
Effective diameter of friction dun = 0.5 (Dhead + Dr) [5.4.6]
under head or nut
Stress area As =0.25 1t ds? [5.4.7]
(for standard fasteners, M type
thread)
0.257t(ds)? [2-( d3/ d2)?]
(for standard fasteners, MJ type
thread)
=0.25 1 do? [5.4.8]
(for reduced shank fasteners)
Stiffness area Asm =0.25 7t dsn? [5.4.9]
Smallest cross-section of fastener | Ao =0.25 7t do? [5.4.10]
shank

In general, the correct equation should be found in the relevant fastener technical specification, e.g. ISO

9152 for Titanium fasteners (Reference 5.1).

For unified threads (UNC, UNF, etc) the same equations apply except that the pitch, p, is not normally given
in the fastener specification. In order to use the above equations, it is necessary to calculate first the pitch

by inverting the ‘threads per inch’ specification, which is given in the thread designation.

Tolerance information should also be taken into account in determining some or all of the dimensions used

for stress calculations.

ISO 5855 (Reference 5.2) specifies the M]-type thread, which is specially suited for aerospace applications
and has a larger diameter at the thread root to improve the fastener’s fatigue life. The UNJ thread is the
analogous modification for unified threads.
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5.5 Safety Factors

5.51 Overview

Table 5-4 shows the recommended safety factors for the analysis of threaded fasteners in European space
projects (e.g. on behalf of ESA). Ultimate responsibility for the definition of safety factors for a space project
rests with the project management. Since safety factors depend strongly on the type of load, the stated safety
factors are to be regarded as minimum values.

The safety factors can be decreased significantly if a test with the appropriate test factor is performed either
on dedicated test structure identical to the flight structure (a proto-type test) or on the flight hardware (a
proto-flight test).

Table 5-4 - Minimum safety factors for analyses of threaded fasteners

Verification Test type Test Safety Safety Safety Factor for
approach factor | factor for | factor for | Joint separation (or
yield ultimate gapping)
strength | strength (sfaap)
(sty) (sfur) Safety Other
critical
Analysis only N/A N/A 1.25 2.0 1.4 1.2
Analysis and Qualification | 1.4 1.0 1.4 1.4 1.2
proto-type test
Analysis and Acceptance or | 1.2 1.0 1.4 1.4 1.2
proto-flight test | proof

The safety factors described in Table 5-4 are applicable for all metallic flight structures and include the
normal uncertainties in load prediction and material condition. The test factor is a multiplier on the loads
that are applied during the test, and depends on the verification approach.

5.5.2 The Joint Fitting Factor

In cases where the joint load distribution is difficult to accurately predict, an extra joint fitting factor of 1.15
should be applied in addition to the safety factors in Table 5-4. This factor should be used on yield and
ultimate loads in the structural analysis of all fittings with threaded fasteners, whose strength is not proven
by limit and ultimate load test in which the actual stress conditions are simulated and measured in the joint
and surrounding structure. This factor should apply to all portions of the fitting, the means of fastening,
and the bearing on the members joined.

The fitting factor need not be used with limit and ultimate loads where the specific type of joint is strength-
verified by comprehensive limit and ultimate tests. This would commonly be the case for joints such as
continuous row of fasteners in sheet or plate.
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5.6 References

5.1 ISO 9152:1998 Procurement specification: Bolts, with MJ threads, in titanium alloys,
strength class 1 100 MPa

5.2 ISO 5855-2:1999 M]J Threads, Part 2 — Limit dimensions for bolts and nuts
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6
The Preload

6.1 Overview

The integrity of a threaded fastener joint, either shear or tension, is maintained by the preload in the
fastener. It has been shown that the optimum joint has as high a preload as possible. However, equally
important is the need to accurately control the preload to a specified value. In many instances the reason
for failure of bolted joints is incorrect initial preload, loss of the preload due to loosening, or relaxation of
the preload due to a variety of mechanisms.

The fundamental problem, however, is to assemble the joint and accurately achieve the required initial
preload in the fastener. A number of methods are available for controlling or achieving the preload during
assembly. These are discussed in this section.

The methods described are generally amenable to theoretical analysis, and where relevant this is included.
It should be noted that, although apparently simple, the bolted joint is extremely complex. Simple
theoretically "correct" methods suffer from inaccuracies, some quite subtle. The accuracy of the analysis
depends on the specification of materials and geometrical parameters, which in practice are impossible to
specify without resorting to empirical data derived from tests on actual or representative joints. Friction
data for some commons joint materials are given in Appendix C.

This section relates to the method of torque tightening, which is the most common method of tightening
threaded fasteners. Other methods intended for obtaining more precise preload during tightening are
presented in Section 12.

The torque tightening method utilises the relationship between applied torque and preload induced in the
fastener. The relationship is dependent on both geometry and effective coefficients of friction at the "under
head" bearing region and in the threads.

6.2 Coefficient of Utilisation

The size and strength class of fasteners should be chosen taking into account the coefficient of utilization y
. This is the maximum pretension stress divided by the yield stress of the fastener material,
Oy
r=_ [6.2.1]

Oy

where 0, is the nominal pretension stress, and o, is the yield stress of the fastener material.

The value of ¥ can be varied in order to fine-tune the performance of the joint however it should typically

lie in the range from 0.5 to 0.8. The recommended value to start the design process is 0.65.

The nominal preload in the fastener, Fv, can then be calculated by,
by =yo, 4, [6.2.2]
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In practice, the preload achieved in service varies around this nominal value due effects such as friction,
inaccuracies in applied torque measurement, embedding and thermal loads. The remainder of this section
explains these effects and provides theory for quantifying the statistical scatter in the preload.

6.3 Theoretical Aspects

6.3.1 The Relation between Torque and Preload

The idealised model used to describe the system of forces in action during tightening assumes the
developed shape of the nut thread helix as a “wedge” driven between the 'wedge' of the fasteners thread
and surface of the clamped material. The axial result force transmitted by the engaged thread is assumed to
act normal to the ideal thread surface at the pitch radius (d2/2). The forces present during tightening are
shown in the left of Figure 6-1, and the corresponding wedge model with forces are resolved into a plane is
shown on the right of the figure.
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Figure 6-1 — Forces Present During Tightening (the Wedge Model)
From the lower diagram in Figure 6-1 the applied force acting to “slip the wedge” (analogous to rotating
the thread) is,

F, =F, tan(p+ p) [6.3.1]

where @ is the helix angle of the thread and p is given by the relation,

Hu,

tanp =
cost

[6.3.2]

where 11, is the coefficient of friction of the thread interface, and € is the half angle of the thread groves.
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The torque present at the thread interface is therefore given by,

d
M, = F, tan(p+p) 2 [6:33)

The “under-head’ torque due to friction at the bearing surface between nut or fastener head and the adjacent
clamped part is assumed to act at the mean bearing radius of the head (or nut). Therefore, it is given by,

M, =F*“ w1 [6.3.4]
“ 2 sin(4/2)

where (¢, is the coefficient of friction between the nut (or fastener head) and the adjacent clamped part,

dun is the effective diameter of the under-head friction torque as defined by equation [5.4.6], and A is the
under-head bearing angle (see Figure 5-6).

Thus, the total installation torque applied (to either the head or nut) during tightening in order to produce
the preload Fv is,
d 6.3.5]
M, =M, +M,+M,=F,|—*tan(p+ p)+pu,, —=2+— [6:3.
S ) "2sin(4/2) | "

where MPr is the prevailing torque (self-locking torque) of the locking device (see Subsection 6.3.3).

Mp is subject to scatter so, in addition to quoting mean values, an indication of its expected variation should
be given by either the range or coefficient of variation. M, is likely to vary with fastener size. Subsection
6.3.2 contains more information about locking devices and Table 6-1 provides some experimental data.

The geometric relation,

t +1t
tan(p + p) = —nPTHANL [6.3.6]
l-tang tanp
with the approximation tang tan p <<1, gives,
tan(p + p) = tan@ +tan p [6.3.7]

Hence, [5.2.5] can be rewritten as,

i [6.3.8]
Hip uh
M, =F,|2{tanp+—"—t+pu, —"—— |+ M
app Vv 2 ¢ ﬂuh 2 Sln(ﬂ«/z) P
CosS
or using the geometric relation
6.3.9
tang = P [ ]
rd,
[6.3.10]
p Hiy uh
M, =F,|—+d +u, ——— |+ M
app Vv P 2 0 luuh 2511'1(/1/2) P
COSE

The applied torque Equation [6.3.10] can be separated into the following terms:
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