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ABSTRACT 

This paper provides an overview on the magnetostrictive sensors performances for guided wave inspection and 

monitoring of pipelines. Initially the basic working principles of guided wave magnetostrictive sensors are 

presented followed by experimental tests performed on-field and in the laboratory. The results outline the 

performances of tested transducers together with advantages and drawbacks concerning the use of 

magnetostrictive sensors for guided wave inspection and monitoring. 
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INTRODUCTION 

The guided wave ultrasonic technique (GW) is a non-destructive technique able to verify the pipeline 

integrity, even if this is inaccessible for direct inspection due to the presence of thermal insulation or 

protective coating or because of the soil in the case of buried pipelines. A sensor applied locally around 

the inspected pipeline generates waves in the form of short impulses [1], which propagate using the 

pipeline itself as a guiding structure. In the presence of defects like corrosion and/or imperfections, a 

reflected wave (echo) is detected by the sensor. The technique allows to localize defects along the 

pipeline at distances up to tens of meters from the access point of the pipeline. It also allows to 

distinguish (with heuristic methods and approximations) the signals that are generated by defects 

from those produced by joints, elbows and supports that are normally present along a pipeline. 

The GW technique, on which the methods described in [1] and [2] are based, allows volumetric 

pipeline inspections. It is able to detect inner or outer defects over the length of the inspected pipeline 

with a declared sensitivity of 2-3% of the total cross-section of the pipe. The range of inspection from a 

single point of application can reach 120m [3] in ideal conditions (when the pipe is unburied and no 

coating is present). Wave attenuation that is due to the presence of soil and/or coatings can reduce the 

range of inspection. However, the GW technology makes possible the inspection of inaccessible 

pipelines, such as buried, rail, road and river crossings. Inspection can also be 

performed with minimal removal of insulation to install the transducers. 

Magnetostrictive transducers represent an alternative at more expensive piezoelectric collar sensors 

for guided wave inspection and monitoring. The transducer materials   are relatively cheap, versatile 

and robust, making them good candidates for long-term monitoring applications. 
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Magnetostrictive systems [1], [3-8] used for guided wave inspection of pipes rely on direct and inverse 

magnetostrictive effect to generate and respectively detect guided waves in cylindrical structures such 

as pipelines. 

The main components of a magnetostrictive system are shown in the flow diagram in Figure 1: 

a) Signal generator (SigGen): it represents the electronics responsible with the electrical signal 

that is generated and transmitted to the electrical coil; 

b) The coil has two tasks:   

1) To transform the   electrical signal and current into a suitable shaped  magnetic 

field  (the applied field ΔH) in transmission mode; 

2) In acquisition mode, it transforms the acquired variable magnetic flux into alternate 

voltage; 

c) The ferromagnetic strip has two tasks: 

3) In transmission mode to transform the helical resulting field (ΔH+H0) generated by 

the coil and the permanent magnet into torsional vibration through Widemann 

effect and transmit it to the pipe wall. 

4) In acquisition mode, to transform torsional vibrations coming from the pipe wall 

into variable magnetic flux through the Mateucci Effect;  

d) Digital Acquisition Card (DAC) has the task of acquiring the variable voltage from the coil in 

acquisition mode and change it into digital signal and memorize it in the computer memory for 

further signal processing. 

 

Figure 1 - Flow diagram of magnetostrictive transduction 

 

The most critical component of a magnetostrictive system is the magnetostrictive material 

(ferromagnetic strip) used to transform electrical energy into mechanical and vice versa. Its 

transduction efficiency in both acquisition and transmission mode depends mainly on its physical 

properties.  As a consequence, these physical parameters must be considered when choosing the right 

ferromagnetic material to be  used in magnetostrictive sensors. 

Other parameters or processes that are related to transduction efficiency and that may be investigated 

are transducer geometry and the modality to create the two magnetic fields necessary for the 

Wiedemann twist generation. 

In the following, the magnetostrictive phenomenon which is at the base of GW MsS sensors will be 

described along with the two transducer components: ferromagnetic strip and coil. In addition, two 

types of commercial magnetostrictive strips will be investigated: nickel strips and magnetostrictive 

strips made of iron-cobalt alloy (FeCo). 



MAGNETOSTRICTION AND TORSION GENERATION 

MAGNETOSTRICTIVE EFFECT 
Magnetostriction is a fractional change in dimensions 

of ferroelectric materials when these are subject to an 

external magnetic field.  

Ferromagnetic elements present an internal structure 

organized in regions of uniform magnetic polarization 

named magnetic domains. When an external field is 

applied [9], magnetic domains rotate and orient 

themselves to line up with the applied magnetic field, 

thus producing a dimensional change as illustrated in 

Figure 2. Increasing the external applied field, the 

strain created by magnetostriction increases until it 

reaches saturation. Volume changes through 

magnetostriction are usually of the order of 10-6. 

The phenomenon was discovered by J.P. Joule in 1842 being widely known as Joule Effect. The inverse 

effect i.e. magnetization a ferromagnetic material subject to mechanical stress is called Villari Effect. 

Another effect associated to magnetostriction is the so-called Wiedemann Effect: two orthogonal 

external fields or a helical magnetic field will create a twist in a ferromagnetic rod or cylinder. The 

opposite effect is the Matteucci Effect: the creation of a helical anisotropy when subject to a torque. 

The pure element materials that exhibit magnetostriction are Iron, Nickel and Cobalt. There are also 

alloys that have in their composition at least one among Fe, Ni and Co, and composite materials that 

exhibit the so-called “giant magnetostriction” like Terfenol-D or Metglas. 

TORSION GENERATION 
Commercially available magnetostrictive technology for guided wave inspection was patented and is 

actually produced by the South West Research Institute – a non-profit organization based in San 

Antonio, Texas. The technology is commercialized under the trade name MsS® and relies on the use of 

a thin magnetostrictive strip to generate torsional guided waves in pipes. Torsion generation in 

cylinders is based on the Wiedemann effect, while signal acquisition is performed by taking advantage 

of the Matteucci effect as described in the previous section. 

In order to create a torsional vibration, a helical magnetization is induced in the ferromagnetic strip 

through the following procedure: 

a) A residual magnetization ( 0) is induced in circumferential direction through the passage of a 

permanent magnet or by an electric current flowing in axial direction in the pipe wall; 

b) A second alternate magnetic field Δ  of lower magnitude than 0 is created in axial direction 

by the current flowing into a coil that surrounds the pipe circumference at the strip position; 

c) The combined magnetic fields generate an applied alternate helical field that according to 

Villari will create torsional vibrations. 

 

Figure 3 shows schematics of the procedure applied for torsion generation in pipe inspection by 

magnetostrictive strip sensors [1]. Notations in the figure are explained bellow: 

Figure 2 - Lining-up of magnetic domains in a 

ferromagnetic material by Joule effect. 



 0 : Polarization applied field, created by moving a permanent magnet in circumferential 

direction; 

 : Alternate magnetic field in axial direction created by an AC current flowing in a coil in 

circumferential direction; 

  : Sum of the components at 45° of vectors  and  on axis (1); 

  : Sum of the components at 45° of vectors  and  on axis (2); 

 +ε : tension created by  >  

 -ε : compression created by  >  

 τ : torsion generated by tension and compression in orthogonal directions, as shown in Figure 

3.  

 

 

Figure 3 - Torsion generation in pipes made of ferromagnetic materials. 

MAGNETOSTRICTIVE STRIP AND COIL 

MAGNETOSTRICTIVE STRIP 

As iron is a ferromagnetic material, magnetostriction can be generated directly in steel. However, for 

better transduction efficiency, a thin ferromagnetic strip is used in commercial guided wave 

magnetostrictive systems to create torsional vibrations.  The strip material (usually a material that 

exhibits higher saturation magnetostriction than iron) can be 99% pure nickel or FeCo alloy and is 

adhesively bonded around the pipe circumference, as shown in Figure 4. Ferromagnetic strips are 

usually 2.5 or 5 cm wide and 0.02 cm thick (see Figure 5).  The use of thin magnetostrictive strips for 

generation of guided waves presents some advantages as well as some important drawbacks.  



 

 

Figure 4 - Ferromagnetic strip bonded around the                                Figure 5 - Magnetostrictive strip.                    
pipe circumference.           

ADVANTAGES DERIVED FROM USING THE MAGNETOSTRICTIVE STRIP 
 allows the application on non-ferrous pipe materials 

 increases the amplitude of the transmitted wave 

 provides a uniform circumferential vibration instead of segmented excitations like in the case 

of piezoelectric collars; 

 can be used over a wide range of temperatures (from -80°C up to +500°C); 

 can be cut on-site to fit   the length of the inspected pipe circumference; 

 Strips are flexible and can be bonded to the pipe wall using an epoxy adhesive for a better 

transmission of torsional vibrations. There is also the possibility for dry coupling (no adhesive 

bonding) losing some transduction efficiency; 

 Nickel and Fe-Co alloys in the strip form are easy commercially available and relatively cheap: 

(a few tens of dollars for Fe-Co alloy to install on a 12 “ pipe and even less for Nickel strips). 

DRAWBACKS CONCERNING THE USE OF FERROMAGNETIC STRIPS 
 the strip needs to be bonded to the pipe surface using epoxy adhesive: the adhesive bonding 

becomes less reliable at extreme temperatures (very high or very low) and the procedure 

needs time; 

 when considering long-term installation for monitoring, the following concerns arise: 

o Residual magnetization: ferromagnetic materials with low coercivity might lose 

magnetization over long periods of time [10] 

o Adhesive bonding: there is no data available on the adhesive resistance over time. 

ELECTROMAGNETIC COIL  
Torsion generation in ferromagnetic materials by 

magnetostrictive systems relies on a helical magnetic 

field resulting from the application of two orthogonal 

fields:  in circumferential direction and  in axial 

direction. While   can be generated by sliding a 

permanent magnet around the pipe circumference,  

 is created by an electromagnetic coil wrapped 

around the pipe with an alternate current flowing in 

circumferential direction. The coil –shown in Figure  

–is made of a 20 or 40 wire ribbon cable closed 

Figure 6 – AC coil used to create  field.            



through a 20 or 40 pin connector. The AC current is driven in the coil through one or two twin cables 

that connect the coil with a signal generator. The AC current frequency gives the guided wave 

frequency and generally ranges from 4kHz to 250 kHz. 

The use of an electric coil to generate the AC magnetic field presents some specific advantages as well 

as some critical drawbacks as listed in the following: 

A) ADVANTAGES THAT DERIVE FROM THE USE OF A RIBBON COIL TO GENERATE THE AC 

MAGNETIC FIELD  
 The coil can be placed at a few centimeters distance from the pipe wall allowing the presence 

of insulating material that is necessary in the cases of high or very low temperature piping, 

losing some transduction efficiency; 

 Ribbon coils are standard and cheap and easy to be created on site for any pipe diameter; 

 Various coil widths can be used in function of the generated wave length and to provide 

directionality control; 

B) DRAWBACKS CONCERNING THE USE OF RIBBON COILS IN MAGNETOSTRICTIVE SYSTEMS 
 Ribbon coils present plastic coating that cannot withstand high temperatures, thus needing 

additional thermal insulation; 

 They become fragile when exposed at extremely low temperatures; 

 The coil density cannot be varied with commercial ribbon coils to increase power and 

sensitivity: 8coils/cm is the standard density. 

EXPERIMENTAL TESTS WITH MAGNETOSTRICTIVE STRIPS MADE OF 

PURE NICKEL OR COBALT ALLOY 

LABORATORY TESTS 
Commercial guided wave instruments based on magnetostrictive technology use thin ferromagnetic 

strips which are epoxy-bonded on the pipe surface, around the circumference in order to transmit and 

receive guided wave vibrations to and from the pipe wall respectively. In this paper three types of 

magnetostrictive strips were tested and their performances were compared. Table 1 contains a list of 

magnetostrictive strips used in guided wave sensors and their possible geometries. 

Table 1 - Commercially available magnetostrictive strips 

Magnetostrictive strip Commercial Name Composition 
Geometry 

Width Thickness 

Nickel Nickel 200/201 99%Ni 25mm 0.25mm 

Cobalt alloy 
Hiperco50A/HS, 
Permendur2V 

Fe49-Co49-V2 
50mm 
25mm 

0.1mm 
0.15mm 

 

The sample pipe used for the experiments is shown in Figure 4 and has three transducers installed: 

a. One Nickel strip, 25 mm wide and 0.25mm thick, positioned at 0.6m from the nearest pipe end 

(right); 



b.  One Fe Co strip, 25mm wide and 0.15 mm thick positioned at 0.8m from the nearest pipe end 

(right); 

c. One Fe Co strip 50mm wide and 0.1mm thick positioned at 0.5m from the nearest pipe end 

(left). 

The data acquisitions were made at 64kHz with lowest possible transmitter power and no gain in the 

acquisition: 20% transmitted power and 0dB receiver gain. The results are shown in Figure 5 where it 

is already visible the difference in terms of transduction efficiency of the two sensor materials: Nickel 

and Cobalt alloy. The efficiency evaluation can be made through the signal-to-noise ratios or by 

comparing the absolute values of the wave magnitudes acquired in correspondence of the pipe end 

(100% reflection). Table 2 shows a summary of these values. As can be noticed, Cobalt alloy 

transducers can supply a 10 times or 20dB higher amplitude signal compared to Nickel strip 

transducers. Signal-to-Noise ratio (SNR) on the other hand has very similar values because in this case 

the signal noise is dominated by coherent noise represented by undesired wave modes and/or 

multiple reflections, thus being acquired with an increase in sensitivity as well. Another aspect 

concerning magnetostrictive strips is their width, or axial extent. Basically, for good SNR and good 

directionality control, the transducer material must cover at least half wavelength of the generated 

signal. For example, if 25mm strips are used, a number of two strips must be installed one next to each 

other and, inevitably a discontinuity will be present in the middle of the transducer. 

 

Figure 4 - Pipe used for experiments and position of transducers. 

Table 2 - Signal characteristics for acquisitions made with Ni and FeCo transducers 

Transducer 
Signal absolute 
amplitude (Volt) 

Noise amplitude 
(Volt) 

Signal-to-Noise 
Ratio 

Instrument settings 

Nickel 0.12 0.004 29dB 
Tx=20% 
Rx=0dB 

Cobalt alloy 1.25 0.03 32 dB 
Tx=20% 
Rx=0dB 

 



On the other hand, wider strips like 

the 50mm ones, avoid the presence 

of the circumferential discontinuity 

and allow the use of all frequencies 

bellow 32kHz by placing a suitable 

coil over the strip to cover 50mm or 

less in any axial point of the strip. 

For instance, in the case of the 

transducer composed of two 

separate strips a coil placed in 

middle of the strip to generate a 

64kHz signal would cover the gap 

between the strips and the 

consequence would be the loss of 

signal amplitude, which is not the 

case of the wider strip. From this 

derives also the optimal frequency 

range that can be used with certain 

types of strips. For example a wider 

strip would perform better towards the lower frequencies than a narrower one: a 50mm wide strip 

would generate better signal at 32kHz (λ=100mm), 64kHz or 128kHz than 2 strips that are 25mm 

wide each. 

FIELD TESTS 
Experimental tests have been carried out on a gas pipeline located within the facilities of the local gas 

distribution company Toscana Energia SpA and Valdarno srl from Pisa, Italy. The pipeline was in-

service and had a 6” diameter with a length of more than 200 meters of the straight segment. It 

presented generalized corrosion extended in axial direction over the lower side and a number of six 

artificial defects covering between ¼ and ¾ of the pipe circumference with an approximated thickness 

of ½ of the pipe wall thickness. The pipeline geometry and the transducer positioning are depicted in 

Figure 9  while both defect typologies are shown in Figure 11. 

In order to evaluate transducer’s efficiency, tests were performed using one set of nickel strips and 

one 50mm wide cobalt strip installed on the gas pipeline as shown in Figure 1. Separate tests were 

performed initially using first the FeCo strips as transducers and the Ni strips afterwards leaving 

unchanged the instrument settings (transmitter power and gain). Both data sets acquired in negative 

direction are presented in Figure 7. The data is presented as amplitude vs distance and shows 

impulses reflected from the geometrical discontinuities located along the propagation path: welds, and 

artificial defects. Moreover, a consistent level of coherent noise can be noticed that is generated by the 

presence of the axial generalized corrosion shown in Figure 11. A detailed view of a weld echo and the 

surrounding coherent noise is given in Figure 8.  Like in the tests performed in the laboratory, the 

evaluation of the two transducer materials was done by measuring the signal amplitude and the 

signal-to-noise ratio (SNR) in correspondence of impulses reflected by known discontinuities. lists the 

values of signal amplitude, noise amplitude and SNR measured in the signal features corresponding in 

the figure to the areas marked by rectangles. The measurement of the two parameters – absolute 

amplitude and SNR – was done in correspondence of a reflection from an artificial defect located at 

about 23m from the transducer and a weld located at more than 100 m in axial direction. Results show 

that for the same instrument settings (amplification and gain) the amplitude of the signal generated by 

Figure 5 - Results obtained with Ni and FeCo strips for the same 

instrument settings 
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the FeCo transducer can be 5 to 10 times higher than the amplitude of the impulse generated with Ni 

transducers. 

 

 

Figure 6 - Inspected pipeline: geometry and position of transducers. 

 

 

 

In other words the same guided wave impulse can be generated by a FeCo transducer using up to 10 

times less energy than a Ni transducer. On the other hand, the high transducing efficiency of the FeCo 

transducers means that the amplitude of coherent noise also increases. For this reason in the case of a 

pipeline with generalized corrosion, the SNR measured with the two transducers doesn’t show such an 

important difference as for the absolute amplitude. However, when measured at distant locations, the 

dominant noise component is the electronic noise instead of the coherent noise, thus signals measured 

with FeCo transducers will show a better SNR than the ones acquired using Ni transducers. 

Figure 11 - Generalized corrosion and 

artificial defects. 

Figure 10 - Transducers made of Ni and FeCo strips installed on the gas 

pipeline 



 

Figure 7 - Data acquired with FeCo strips (up) and with Ni strips (down). 

 

 

 

 

 

 

 

 

 

 

Table 3 - Signal amplitude and SNR measured on the signals acquired with the two transducers. 

Discontinuity 
 

Distance from 
transducer 

Parameter FeCo Ni 

Defect  
(1/4 circumference) 

23m 
Sig. amp. (Volt) 0.18 V 0.02 
SNR1 (dB) 15 dB 13 dB 

Weld 102m 
Sig. amp. 0.018 0.004 
SNR2 (dB) 11 dB 2.8 dB 
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Figure 8 - Detail image of an echo from a weld 



CONCLUSIONS 

Magnetostrictive transducers are a cheap, versatile and robust alternative for guided wave inspection 

and monitoring of piping. Transducer configurations usually include nickel or iron-cobalt alloy strips 

for their magnetostrictive properties. 

In this paper, after describing the basic working principles of the magnetostrictive technology for 

guided wave inspection of pipelines, experimental tests were performed to assess the effectiveness of 

the existing magnetostrictive guided wave transducers which are based on nickel or iron-cobalt alloys. 

Experiments performed both in laboratory as on field, have revealed the performances in terms of 

signal amplitude and signal-to-noise ratio (SNR) obtained with nickel (Ni) transducers and iron-cobalt 

alloy transducers (FeCo).  

Overall, FeCo transducers have produced from 5 to 10 times higher signal amplitudes and higher SNR 

was obtained especially at long propagation distance. This mainly translates into a better sensitivity 

for defect detection at long distances after consistent wave attenuation takes place for signals acquired 

with FeCo transducers rather than Ni transducers. 

Although more expensive than nickel transducers (around 20$ vs 8$ for the strips needed for a 6’’ 

pipeline), FeCo transducers are a good option when considering either inspection or long term 

monitoring of in-service pipelines. They are capable to offer a better sensitivity for the detection of 

localized defects or to assess generalized corrosion in pipes with highly attenuating coating or heavily 

corroded. 
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