
 

 

Studying the Sensitivity of Remote-Field Testing Signals 

when Faced with Pulling Speed Variations 

Marc-André Guérard1, Joe Renaud1, David Aubé1, and Sébastien Savard1 

1Eddyfi, 2800 rue Louis-Lumière, bureau 100, Québec (Québec), G1P 0A4, Canada Phone: 1.418.780.1565 x295; 

 e-mail: maguerard@eddyfi.com
 

Abstract 

This article analyzes the relation between the excitation frequency, the channel bandwidth, and a remote-

field testing (RFT) probe’s pulling speed . The article also presents the theoretical impact of noise resulting 

from the electrical line frequency and the necessity of filtering signals. Experimental results demonstrated 

that, using a probe pusher system, probes can be pulled faster than the recommended values because 

such a system yields a more constant pulling speed that never exceeds the maximum acceptable pulling 

speed. 

Introduction 
A significant parameter affecting data quality when inspecting tubes with non-destructive testing 

techniques is the probe’s pulling speed. Typically, slower speeds help detect and size defects, but they 

also increase the time it takes to perform inspections. Even if inspections are esssential, short inspections 

are favored, priorizing valuable production time. Among all the other tubing inspection techniques, RFT is 

widely used in the presence of ferromagnetic materials. It has a relatively slow maximum pulling speed 

and it can prove challenging to determine. The focus of the present study is to characterize the effects of 

the pulling speed on an RFT signal’s amplitude and phase. 

The article is divided into three sections: a discussion of the relationship between the channel bandwidth, 

the pulling speed, and the excitation frequency; experimental setup and its limitations; inspection results 

analysis. 

RFT Working Principles 
RFT, as described in [1] and [2], is an inspection technique based on indirect magnetic coupling between 

exciter coil(s) and receiver coil(s) (Figure 1). Exciter coils use a low-frequency alternating current to create 

a magnetic field. There are two main RFT probe configurations, the first using one exciter coil (“single 

driver”), the second using two exciter coils (“dual driver”), with receiver coil(s) between the two exciter 

coils. The magnetic field’s amplitude is modulated by the total wall thickness it encounters during the 

loop, meaning that some defects can appear twice in the signal, when it passes over the exciter and the 

receiver locations [3]. 
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Figure 1: Single-driver RFT probe in tube operating principles 

Selecting an Excitation Frequency 
For typical RFT tubing inspections, excitation frequencies are selected to ensure a good phase angle 

between defects, which leads to more accurate depth sizing. An optimal excitation frequency is therefore 

dictated by the properties of the tubes under test and is usually, less than 1 kHz. At this frequency level, 

the noise from electrical lines (50 Hz or 60 Hz, depending on the region) must be taken into account in 

inspection signals, because it is sensed by receiver coils. For the purposes of this study, we assume an 

electrical line frequency of 60 Hz, because measurements were made under this condition. The 

conclusions of the study remain, however, relevant for a 50 Hz line frequency. It is also important to note 

that the electrical line frequency harmonics must also be taken into account (multiples of the base 

frequency— 120 Hz, 180 Hz, etc. 

Excitation frequencies may also be adjusted slightly to move them away from the 60 Hz harmonics, in case 

optimal frequencies are too close. This is favorable because it places the electrical line noise as far as 

possible from relevant signals. When the optimal frequency is located between harmonics, the bandwidth 

can be greater, allowing a faster pulling speed without affecting the signal-to-noise ratio (SNR). 

Selecting a Bandwidth 
Signals from receiver coils go through a signal processing unit, as illustrated in Figure 2.Analog signals from 

the probe are converted to digital signals (analog-to-digital converter—ADC). Then, they go through an 

adjustable bandpass filter to reduce the noise level, especially from the electrical line noise. Finally, signals 

are demodulated and processed by a computer. Because the bandpass filter is embedded in the 

acquisition instrument, it cannot be adjusted during analysis. 

 

Figure 2: RFT signal processing  

Figure 3 illustrates an RFT probe spectrum (step 1 of the signal processing), demonstrating the necessity 

of filtering. The curves in the figure are not actual RFT data; they only illustrate behavior. Actual signal 

amplitudes and width are very different from those in Figure 3. 



 

 

Each curve in Figure 3 represents a different element of an RFT signal to make each stand out. The light 

blue curves represent an RFT spectrum in a tube without defects. Peaks correspond to two, 60 Hz 

harmonics received by the probe and the excitation spectrum (from the probe’s exciter coil). The dark 

blue curves represent a defect spectrum when measured at a low pulling speed. Similarly, the green 

curves represent the same spectrum, but at a high pulling speed. The red lines represent a 50 Hz filter and 

the yellow one represent a 25 Hz filter. 

 

 

Figure 3: RFT signal schematic spectrum (modulated) 

The complete RFT spectrum received by the probe corresponds to the addition of both spectrums, with 

and without defects. For the purposes of this example, the bandpass filters are considered to be perfect; 

everything outside the channel bandwidth is removed from the signal by the filters. 

From a signal analysis point of view, defects modulate the signal amplitude. This means the signal 

generated by defects create peaks close to the excitation frequency, the positions of which depend on 

the pulling speed. When the pulling speed is slow, the defect spectrum stays close to the excitation 

frequency. When the pulling speed is fast, the defect spectrum is further from the excitation frequency. 

The 25 Hz filter cuts half the high-speed spectrum in Figure 3 and, therefore, the signal amplitude. The 

difference in amplitudes also adds an error to the phase angle. With the 50 Hz filter, the high-speed defect 

signal is completely included in the bandwidth, but part of the 60 Hz harmonic noise is not cut by the 

filter. The signals is thus noisier, affecting the SNR. The low-speed defect spectrum is closer to the 

excitation spectrum, which allows the 60 Hz harmonic noise to be filtered out by the 20 Hz filter without 

affecting the spectrum. This combination improves data quality. 
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The excitation frequency is the determining factor in selecting a bandwidth, which affects the maximum 

pulling speed of the probe. As explained above, the selection of the excitation frequency mostly depends 

on tube properties. Because the harmonics of the electrical line frequency are stronger at lower 

frequencies, their amplitude is higher and the range of frequencies they cover commensurately wider. 

Consequently, at lower frequencies, the bandwidth must be lower to ensure that no electrical line noise 

affects data quality. The main difficulty lies in selecting a wide enough bandwidth to detect all defects 

while being narrow enough to remove electrical line harmonics. Table 1 presents bandwidths in relation 

to pulling speeds for different frequency ranges recommended by Grenier [4]. 

Table 1: Recommended bandwidths and manual pulling speeds at different excitation frequency ranges (from [4]) 

Minimum Frequency (Hz) Maximum frequency (Hz) Recommended bandwidth (Hz) Maximum pulling speed (in/s) 

20 100 8 4 

100 200 12 6 

200 350 16 8 

350 500 20 10 

500 1000 25 12 

1000 – 50 20 

 

It is important to note that a bandpass filter, as all filters, is not perfect. If a signal is over the frequency 

range defined in the bandpass filter, it is attenuated, but not necessarily zero. The further is the signal 

from the bandpass filter frequency, the stronger is the attenuation. If the pulling speed increases so that 

defect response crosses the bandpass filter’s frequency, it might still be suitable in detecting and the sizing 

defects. 

Methodology 
The object of the present study is to verify the impact of the pulling speed on RFT signal quality. Speed 

control is a key element to achieve this goal. It must remain constant during data recording. To this end, 

Probot™, an encoded probe pusher system is used. The test probe is an Eddyfi dual-driver RFT probe set 

to the medium frequency range. The probe’s poly is spooled and installed on the system’s take-up reel. 

The probe is connected to the take-up reel’s slip ring to enable the spool to rotate. The slip ring is 

connected to the Ectane® 2 data acquisition instrument. Figure 4 illustrates the setup. 

 

Figure 4: Experimental setup 

Signals were acquired in two different tubes, placed end to end: 

1- A calibration standard (3/4 in outside diameter, 0.083 in wall thickness, 179 carbon steel; see 

Table 2 for the defect list). 

2- A corroded tube, pulled out of service, with the same outside diameter and a 0.095 in nominal 

wall thickness. The tube featured a hole the same size as the one in the calibration tube. 



 

 

The corroded tube was used to collect data with more intrinsic tube noise. This tube had a higher cyclic 

permeability variations, which resulted in a higher baseline noise in the RFT signals than in the calibration 

tube. This noise can modify defect signals’ shapes and affect the phase angle measurement precision, 

reducing defect sizing capabilities. 

Table 2: Calibration tube defect list 

 

To set a reference signal, the calibration standard was pulled at 4 in/s, a bandwidth of 10 Hz, and a 450 Hz 

driver excitation frequency. This frequency had a 20° phase between the 40 % and the 60 % groove signals 

on the absolute channel. It was adjusted slightly to perfectly fit between two 60 Hz harmonics. The hole 

signal was then calibrated at 1.00 V, 90˚ on the differential channel. Reference phase-depth curves were 

also constructed with the flaws presented in the table above. All the measurements were performed peak-

to-peak. 

Data was acquired by pulling the probe in the reference tubes at different speeds and at three 

bandwidths: 10 Hz, 25 Hz, and 50 Hz. An average of three different acquisitions were performed for each 

pulling speed to reduce variability. 

Although the American Society of Mechanical Engineers (ASME) [5] and the ASTM [6] present codes of 

practice for RFT inspections, they suggest no explicit data quality acceptance criteria that could be used 

for this study. To compare the data between the different speeds, two criteria were selected: 

1- The amplitude of a hole signal at the selected pulling speed must be over 80 % of the hole signal’s 

calibrated amplitude at 4 in/s. 

2- The phase of a hole signal at the selected pulling speed must He ±4˚ of the hole signal’s calibrated 

phase at a pulling speed of 4 in/s. 

Typically, the depth of defects is measured with the signal’s phase and comparison criteria were chosen 

accordingly. Defect amplitude is also important because it relates to the shape of the signal. If a defeIt’s 
signal is distorted, its amplitude is lower and its phase measurement imprecise. Although the 80 % value 

is somewhat arbitrary, experimental data demonstrated that higher values yield a signal shape similar to 

that of the reference signal. 

According to the phase-depth curve built with the calibration tube at 4 in/s (Figure 5), a phase variation 

of ±4˚ from the hole signal yields a sizing error of less than 5 %. 

Type Dimensions Location 

Groove 40 % Width 1 in, depth 40 % of the wall thickness Outside 

Groove 60 % Width 1 in, depth 60 % of the wall thickness Outside 

4× flat-bottom holes 20 %, same 

axial location, 90˚ apart 
Φ 0.19 in, depth 20 % of the wall thickness Outside 

Flat-bottom hole 60 % Φ 0.15 in, depth 60 % of the wall thickness Outside 

Through hole Φ 0.11 in, through Outside 



 

 

 

Figure 5: Phase-depth curve created with a dual-driver RFT probe in a calibration tube 

The hole was chosen as the reference defect because it is a small defect, but still easily reproducible from 

sample to sample. 

From [5] (SECTION II-830.3.1(a)), we need at least 30 samples per inch. In this case, we used an 800 Hz 

sampling rate, requiring a maximum pulling speed of 26 in/s. 

Results 
The results at the calibrated amplitude in the calibration tube are presented in Figure 6. As expected, the 

lower the bandwidth, the more rapidly the amplitude decreases. The curve for the 10 Hz bandwidth 

crosses the 20 % drop line at 6 in/s, while the curve for the 25 Hz bandpass filter crosses the line at 16 in/s. 

The curve for the 50 Hz filter crosses the line at 31 in/s. This is higher than the maximum recommended 

speed [5] at a sampling rate of 800 Hz. 

 

Figure 6: Calibrated amplitude relative to the probe pulling speed in a calibration tube for three different bandwidths 
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Figure 7 compares the calibrated phase angle of hole signals against the pulling speed at different 

bandwidth. Note that for the 10 Hz bandwidth curve, at a pulling speed over 14 in/s, the signal amplitude 

is low and its shape too distorted to measure the phase correctly. Furthermore, the 25 Hz bandwidth 

curve comes very close to crossing the –4˚ lines at 28 in/s. The 50 Hz bandwidth curve never crosses the 

±4˚ lines over the experimental speed values. 

 

Figure 7: Phase angle as a function of RFT probe pulling speed at different bandwidths 

Figure 8 shows results for the corroded tube’s hole signal amplitude. The curves in the figure are very 

similar to the ones of the calibrated tube—not surprising considering the holes are of similar sizes on both 

tubes. 

 

Figure 8: Calibrated amplitude as a function of the probe pulling speed in a corroded tube at three different bandwidths 
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Figure 9 shows the hole phase angle results in the corroded tube. In this case, the results are very different 

from those from the calibration tube. The phase angle tends to be more affected in the corroded tube, 

crossing the 5 % error line at 13 in/s for 10 Hz, at 16 in/s for 25 Hz, and at 32 in/s for 50 Hz. The main 

reason for this difference is that the baseline noise is not as important in the calibration tube as it is in the 

corroded tube. A high baseline noise affects the operation point of the signal, which affects the phase 

measurement. In the calibration tube, the SNR remains quite high even as the amplitude decreases. In the 

corroded tube, however, as the pulling speed increases, the SNR decreases and measuring the angle 

becomes more and more difficult, resulting in poor defect sizing. 

 

Figure 9: Phase angle as a function of the RFT probe pulling speed in a corroded tube at different bandwidths 

With all these results, a new table can be created, this time for the maximum pulling speed at different 

channel bandwidths (Table 3). The maximum pulling speed for a specific bandwidth is defined as the 

maximum pulling speed without a significant decrease in defect detection and sizing capabilities as 

defined earlier when the probe speed is constant, such as when using a probe pusher system. The self-

imposed 30 points/in criterion impacted the 50 Hz bandwidth limit. The recommended manual pulling 

speed values come from Table 1 and are included for comparison. The difference between the two 

columns corresponds to the security factor intended to ensure the maximum value is never exceeded. 

Table 3: Maximum pulling speed at different bandwidths for an RFT inspection 

Bandwidth (Hz) Recommended 

manual pulling speed 

(in/s) 

Maximum pulling 

speed (in/s) 

10 5 61 

25 12 16 

50 20 26 

 

                                                           
1 Extrapolated from the values at 8 Hz and 12 Hz in Table 1. 
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Results in Figures 6–9 further show the importance of a constant pulling speed, because defect amplitudes 

and phases are greatly affected by pulling speed variations. For example, if an inspection is performed at 

a medium value of 12 in/s, a maximum variation of 4 in/s, and a 25 Hz bandwidth, referring to Figure 8 

and Figure 9, you see that the hole’s amplitude can be be 0.98 V or 0.88 V, and that the phase can be 90˚ 
or 93˚, resulting in a 5% sizing error. This error source cannot be neglected but can be removed if the 

pulling speed is very constant, which is the case using a probe pushing system. 

In this study, the 60 Hz noise amplitudes were very low because obtained under laboratory conditions. 

This situation helped using a 50 Hz bandwidth while being able to obtain good results. The bandwidth 

recommendations in Table 1 are a rule of thumb and can be modified as necessary. A good practice would 

be to evaluate the power line noise by pulling a calibration tube on site using a high bandwidth. If signals 

are satisfactory, it is possible to pull faster, but if the noise is too high, a lower badwidth must be used 

and the above must be performed again until the noise disappears. 

Conclusion 
The present paper studied the importance of bandwidth selection and its impact on the maximum pulling 

speed of an RFT inspection. First, we overeviewed the theoretical principles behind RFT probes, signal 

shapes, signal processing, and the necessity of choosing the appropriate bandwidth. Next, we discussed 

the methodology and the experimental setup used for the study. Finally, we presented the experimental 

results, which demonstrated that, under laboratory conditions, the absolute maximum pulling speed of 

RFT inspections can be higher than the recommended pulling speed. However, because most inspections 

are performed manually, speeds cannot be constant enough to target the maximum speeds in this study. 

Instead, the recommended speeds are a good choice to make sure that signals are optimal for detecting 

and sizing defects. Using a probe pusher system ensures a constant enough pulling speed to use maximum 

speeds, which contributes to reduce inspection times and ensure good data quality. 
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