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a b s t r a c t

The aim of this study is to provide an experimental methodology useful to determine the
friction coefficients in bolted joints and, therefore, to relate precisely the tightening torque
to the preloading force. The components under investigation are clamped joints made of
aluminium alloy and used in front motorbike suspensions to connect steering plates and
legs, or legs and the wheel pin: static failures of clamps occurred during the tightening,
because of the bending stress introduced by the preloading forces. Some specific specimens
have been appropriately designed and realised with the same process of the actual compo-
nents. The bolt torque is given by a torque wrench whereas the preloading force has been
evaluated by means of a strain gauge. The overall friction coefficient and the torque coef-
ficient (nut factor) have been calculated. Experimental tests have been carried out by
applying the Design of Experiment method in order to obtain an accurate mathematical
model that involves the significant friction variables and their interactions. Then, results
of present study have been applied to actual components: the tightening torque has been
precisely related to the preloading force by means of the friction coefficients definition and
the tensile state of clamps have been evaluated both experimentally (strain gauges) and
numerically (FEA) in order to shed light on the failures which occurred during the
tightening.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Threaded fasteners are widely used in mechanical and structural applications because of their easiness to assemble and
disassemble for maintenance and repair purposes. Both the level and the stability of the clamp loads, which are created by
the tightening process, will govern the safety and reliability of bolted joints. In most of production applications, the fastener
tension (preloading force) is achieved by using a torque wrench applied to the head or to the nut. The tribological aspects of
the tightening phase are critical to define the actual torque–tension relationship [1,2]. The tightening torque is mostly con-
sumed during the process of overcoming two friction components: the underhead (or bearing) friction due to the sliding of
the fastener head on the flanges and the thread friction between the male and female thread. The residual torque component
produces the fastener tension by generating the joint clamping force. Inaccuracies in determining the friction components
may lead to an overestimation or underestimation of the bolted joint performances. The torque–preloading relationship is
often simplified by using a constant K (Eq. (1)), known as torque coefficient (or nut factor): some authors and Standards
[3–5] provide an approximate value of 0.20 for the nut factor, but warnings against using it for critical joints should be
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Abbreviations: DOE, Design of Experiment; FEM, finite elements method; ANOVA, Analysis of Variance; F-tests, Fisher’s tests.
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