
 

19th World Conference on No

 

 
License: http://creativecommons.org/license

 

Tighte

Farid
1 UL

Abstract. Control of 
different sectors, whe
heterogeneous tighteni
 To avoid or mitig
control of tightening 
sealing as well as asse
dynamic solicitations.
 This paper desc
principle of the ultraso
 This technology 
ultrasonic wave along
sensor is thus positione
live. The information o
the screw allows meas

1. Introduction  

One of the major problems 
achieving an accurate preload
the detachment of the assem
any additional stresses due to 

Insufficient, excessive or het
and bad tightening conditions
problem in all industries: tra
strong financial and human 
process with precise and relia
There was a strong need to e
with the aim to better contr
assemblies. Portable or transp
to these needs, and are now
stress, elongation, and angle) 
To control the tightening of th
the use of torque wrench an
screw, rods) using either me
ultrasonic method. The torque
show enormous intrinsic error

Non-Destructive Testing 2016 

1 
nses/by/3.0/ 

htening control by ultrasound 

arid BELAHCENE 1, Pierre SAMSON 1 
ULTRA RS, 10450 Breviandes, France 

Contact e-mail: f.belahcene@ultrars.com  

of screws and bolts tightening takes a growing impor
here assembly defects caused by insufficient, exce

ening could induce hazardous consequences.  
itigate the failures related to tightening, the measuremen
g pretension should be performed in order to ensure
ssembly stiffness which allow withstanding external st
s. 

escribes a new ultrasonic method of the tightening 
asonic measurement and some experimental results. 
gy is based on the measurement of the travel time
ng the elongated screw during the tightening. An ul
oned inside a socket in order to measure the screw trave
n of the travel time combined with the calibration coeff
asuring the actual tightening force applied. 

 with the use of bolted joints is the precisio
oad. It is essential to apply an adapted tightenin
embled parts under the influence of external fo
to vibration, shock... 

heterogeneous tightening represent about 30%
ons represent about 45% failures in fatigue. Th
transport, oil and gas, nuclear, shipbuilding 

an impact. Therefore, it is necessary to contr
liable measurement tools. 
o evaluate the tightening force in bolted joints
ntrol the assembly processes and increase th
nsportable instruments have been developed to
ow commercially available. They provide info

) on the quality of the assembly. 
f the assembled parts, there are different metho
 and methods that determine the elongation o
mechanical strain gauges or more sophisticate
que wrench method adapted for this purpose ha
rrors in bolt tension measurement by up to 30%

 

 

portance in 
cessive or 

ent and the 
ure perfect 
l static and 

ng control, 

ime of the 
 ultrasound 
vel time in 
efficient of 

sion, with regard to 
ing force to prevent 
l forces, and nullify 

% of static failures 
They are a recurrent 
g etc ..., causing a 
ntrol the tightening 

ts non-destructively 
the lifetime of the 
to provide solutions 

information (torque, 

thods. These include 
n of fasteners (bolt, 
ated means such as 
 has been reported to 
%. It’s dissipated in 

More info about this article: http://ndt.net/?id=19681



2 

overcoming friction under the bolt head or the nut face (whichever face that is rotated).  
Identical bolts, when tightened to identical torque values, vary substantially in their actual 
tensions [1].  
 
The ultrasonic method is independent on the friction. This technique is accurate,  
non-destructive, easy to implement, and can be used to control the tightening in real time.  
However, the limits of the ultrasonic method (single wavelength) are imposed by the need 
of the original length of the bolts before tightening and material constants such as Young's 
modulus to determine the actual tensile load from 'ultrasonic elongation' of the bolts. 

2. Principal of the ultrasonic stress measurement  

The linear theory of elasticity is generally adequate to describe the elastic behaviour of 
materials, by using Hooke’s law. In this approach, the elastic strain energy is developed to 
the second-order terms for isotropic media. However, the theoretical description of the 
acoustoelastic effect, which refers to the change in velocity of ultrasonic waves propagating 
in strained solids, is only possible by considering the non-linear theory of elasticity. Using 
Murnaghan theory [2], which takes into account third-order terms in the strain energy, 
Hughes and Kelly derived expressions for the velocities of elastic waves in a stressed solid 
[3]; in the following form: 
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Where: 

•  V1j is the velocity of waves in the direction 1 with particle displacement in the j 
direction, 

•  ρ0 is the initial density, 
•  321 ε+ε+ε=θ  are the components of the homogeneous triaxial principal strains, 

•  λ etµ : second order elastic constants, 

•  n,m,l : Third order elastic constants. 
 

In the case of uniaxial stress, ε ε1 =  andε ε νε2 3= = − , where ν  is the Poisson ratio. 
 
By linearizing the equation (1) in the first order, we can write: 
   ( )111

0
11 1 σjjj AVV +=       (2) 

 
Where: 
 

•  V1j°: velocity of the wave in the direction 1 with zero stress, 
•  σ11: stress in the direction 1, 
•  V1j: velocity of the wave in the direction 1, in the presence of stresses  

(σ11), 
•  A1j: acoustoelastic constant. 
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3.3 The effect of the parasitic bending  

The bending stress can be caused by a variation of the thickness of a washer or the presence 
of a weld point under the head of the screw. 
The ultrasonic measurement of the tightening stress will be erroneous if the screw bends: 
the ultrasonic signal will be influenced by the presence of the bend in the screw. 
 
Table 1 represent an example of measurement obtained on a steel screw (M16x60) with a 
washer of inconstant thickness. A variation in the thickness of a washer of 1 mm may 
induce a bend in the screw and result in overestimation of stress measured by ultrasound. 
For this example, the relative difference between strain gauge and ultrasound is equal to 11 
%. 
 

Torque applied with a 
torque wrench (N.m) 

Stress measured by 
strain gauge  (MPa) 

Stress measured by 
ultrasound (MPa) 

 
With bending stress 

0 0 0  
130 40,8 45,46 11,4 

Without bending stress 
130 N.m 36,4 35,75 -1,8 
130 N.m 318 31,59 2,6 
130 N.m 32,9 33,3 1,2 

Table 1. Stress measured in a steel screw M16 x 60 - effect of the variation of the thickness of a washer. 
   

4. Calibration Procedure 

The calibration is necessary to know the coefficient CB connecting the measured travel time 
of the ultrasonic waves to the imposed tightening stress. This coefficient depends on the 
screw diameter, the tight length Ls and mechanical characteristics of the assembly.  
For a given tightening configuration (diameter, tensile length Ls, materials), we must 
perform a calibration to determine the coefficient CB. The screw is tightened in the steel 
block (figure 4) and increasing levels of different loads are applied (step by step) with an 
hydraulic cylinder and measured with a force transducer.  
The ultrasonic sensor is placed on the screw head to measure the relative change in travel 
time of the longitudinal wave. 
An example of calibration is represented above in figure 3. 
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Fig. 4. Experimental mock up for the calibration. 
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ental setup for measurement of tightening force. 

table 2 this method enables to accurately tighte

FSG (kN) FUS (kN) 

 

50,3 49,0 2,6% 

100,7 99,5 1,2% 

150,5 149,1 0,9% 

200,3 200,5 0,1% 

247,5 249,9 1,0% 

295,2 299,6 1,5% 

51,6 49,3 4,5% 

100,2 99,8 0,4% 

152 150,6 0,9% 

200 199,9 0,0% 

248,2 250,4 0,9% 

298,2 300,0 0,6% 

50,7 49,0 3,4% 

103 100,1 2,8% 

153,5 151,2 1,5% 

203,7 201,3 1,2% 

253,7 252,4 0,5% 

301,3 301,5 0,1% 
Table 2. Stress measured steel screw M42 x 300. 
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Fig. 6. Tightenin
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