
A STUDY OF EFFECTS ON SIZE AND COIL’S TURNS BASED ON SIGNAL 
DISTRIBUTION ON IMPEDANCE PLANE DIAGRAM

Nurul A’in Ahmad Latif, Ilham Mukriz Zainal Abidin, Mahmood Dollah, Abd. Nassir
Ibrahim

Industrial Technology Division 
Malaysian Nuclear Agency,

43000 Bangi Kajang, Selangor 
nurul ain@nuclearmalaysia.gov.my

ABSTRACT

A differential type eddy current probe is used to detect defects that exist in the heat exchanger 
tube. Every probes produced have their own size and frequency values depending on the 
purpose and functionality of the probe. In this study a probe is fabricated by winding wire in 
solenoid shape. When current flows through it, magnetic field is produced surrounding it. In 
this study, effects of two probe parameters namely numbers of coil, N  and the diameter of the 
copper wire, d were investigated. Diameters of copper wire chosen were 0.10 mm, 0.12 mm 
and 0.13 mm. These wire were wound around the body probe with diameter of 15mm. For 
each wire diameter, the wire is wound with numbers of wound of 30, 50 and 70. The 
fabricated probes will be tested on the Stainless Steel 304 calibration tube with the nominal 
outside diameter of 19.07 mm and thickness of 1.24 mm. It contains seven artificial defects 
that are purposely introduced in accordance to ASME VArticle 8. Performance of the probe 
were evaluated based on the separation angle of signals obtained from 100% wall lost and 
that obtained from a 20% of side drill hole defect. The probe was used in conjunction with a 
special instrument known as RD Tech MS 5800. This special instrument is specifically used 
for data recording and storing as well as for analysing signals obtained during the test.

Introduction 

a) Eddy Current Testing (ET)

Non-destructive testing (NDT) is a wide group of analysis techniques used in science and industry to 
evaluate the properties of a material, component or system without causing damage. NDT is a 
medium in early detection for any premature disaster leads the failure as well as the endangering of 
human life. NDT is used in a variety of settings that covers a wide range of industrial activity such as 
in automotive, aviation, power plants, construction, maintenance, manufacturing, etc. Eddy Current 
Testing (ET) is one of commonly technique which is widely used within the broad field such as in 
nuclear, aerospace, marine, petroleum and gases industries and marine. ET is based on induction of 
electrical current in materials electromagnetic induction process, the sample has to be a conductor.
[1]. Like other NDT method, ET offers series of applications and services for the industries.
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b) Eddy Current Probe

Eddy current probes carry information concerning the environment of the probes and any 
changes lead to cause variations in the probe impedance. The eddy current flow is limited to 
the area of the inducing magnetic field. It is depending on the design of the probe, material 
properties and test frequencies. Differential probes have two active coils which are wound in 
opposite direction. When one coil is over a defect and the other is over good material, a 
differential signal is produced. They have the advantage of being very sensitive to defects yet 
relatively insensitive to slowly varying properties such as gradual dimensional or temperature 
variations [2].

c) Effect of Test Coil Diameter on Reactance

The focus of this experiment is to determine the correlation between the coil diameter, d and number 
of turns, N. In eddy current inspection, the inductance of coil of an eddy current coil is directly 
proportional to the total magnetic flux encircled by coil winding. The total magnetic flux increases in 
proportion with the square of the test coil diameter for an empty test coil in air. Large diameter test 
coils usually have greater reactance [3].

Methodology

The fabrication of differential eddy current probe involves the coils winding process and testing 
procedure. In this experiment, the number of turns and size of copper wire were the parameters 
manipulated to determine the correlation exist between those parameters and the eddy currents signals 
obtain. In addition, nine eddy current probes were produced with different diameter size of copper 
wires and numbers of wound. Three copper wire diameter wire used were 0.10mm, 0.12 mm and 0. 
13 mm. Meanwhile, the copper wires were wounded with various numbers of turns which were 30, 50 
and 70.

a) Fabrication process

Generally, in the fabrication process there are two coils of the selected size were wounded 
circumstances around the body probe. The wire was wounded in such way that the output of one first 
coil will cancels the output of the second coil when it is testing at the same material. The fabrication 
process start with the first coil windings then followed by the second coil windings. Upon the 
completion of the windings process, the continuity test was performed to ascertain that the current 
able to flow along the wounded wires. After that, the probe-connector assembly was carried out to 
connect end of the wire to the LEMO connector. Finally, the connection availability of the probe was 
tested. These procedures is remains for the entirely experiment for producing nine eddy current probes 
with the different parameters value according to Table 1. Figure 1 shows the flow chart of probe 
fabrication.



Figure 1 Flow chart of probe fabrication

Table 1: Nine eddy current probes produced with different parameters value.

Probe

No

Diameter Size of Copper Wire (mm) 

0. 10 0. 12 0. 13 30

Number of turns (N) 

50 70

1 V V
2 V V
3 V V
4 V V
5 V V
6 V V
7 V V
8 V V
9 V V



Figure 2 Nine eddy current probes with different parameters value

b) Probe Testing.

The fabricated probes were tested on Stainless Steel 304 calibration tube with the nominal 
outside diameter of 19.07 mm and thickness of 1.24 mm. The tube contains seven artificial 
defects that are purposely introduced in accordance to ASME VArticle 8 as shown in Figure
3.

Figure 3 Probe Testing

Discontinuities; A=100%, B=80%, C=60%, D=40%, E=20%, F= 10% External Defect
and G= 10% internal defect.

The characteristic of the testing was based on the separation angle between 100% and 20% 
wall lost of ASME Calibration tube. In accordance to ASME V Article 8, the separation 
angle of the both artificial defects will be in range of 50°- 120° on the impedance plane 
diagram. The fabricated probe is evaluated by means of its sensitivity and resolution output 
with the basis f90 frequency as the operating frequency. The fabricated probe was connected 
to RDTECH MS 5800, dedicated equipment for tubing inspection.



Results and Discussion

Figure 4 Differential phase angle obtained from 100% and 20% wall lost versus 
number of turns for coil diameter 0.10mm, 0.12 mm and 0.13 mm.

Figure 4 shows the differential angle between 100% wall lost and 20% wall lost and its 
correlation with the number of turns and size of copper wire. For the wires with diameter of
0.10 mm, 0. 12 mm and 0.13 mm with 30 numbers of turns, the differential angle obtained 
were 56°, 57° and 58°. Meanwhile, for 50 numbers of turns for the three wires, the 
differential angles were 57°, 58° dan 59°. In addition, for 70 numbers of turns, the separation 
angle for wire with diameter size of 0.10 mm, 0.12mm and 0.13mm were 58°, 59° and 60°.

From the graph, the differential angle marked growth and proportionally with the increasing 
of diameter size d  and number of turns N. The main factor of influencing the induced voltage 
in the material is the flux magnetic exists around the solenoid. The total magnetic flux is 
proportional to the value of inductance, L and current as shown in Eq 1 [4]. In addition, 
inductance brings an influence to the total value of Impedance, Z  such as shown in Eq. 2.

=  LI (1)

Z =  ¡R2 + X , 2 (2)

Here, impedance is the total opposition of current flow in alternating circuit. When the 
current flow in the circuit having the R and L, the total impedance can also be calculated 
using the Eq. 3 (Rao et al. 2007). Meanwhile, the relationship between magnitude and phase 
angle are correlate such as in Eq. 4.

Z — R~h j ^ i  — -R+ jL — R +  j l n f L (3)



The real part of impedance is affected by the decreasing value of resistivity in material [5]. 
However, the changes of inductive reactance is contribute by the electromagnetic induction 
effect exists around the solenoid. The value of R can be calculated using the Eq. 5.

pi
R = J

(4)

(5)

Where the resistivity is constant and the value is 1. 7 p,Qcm-1. Meanwhile l is the lengths of 
the copper wire which provide a path for the current to flow. In this experiment, the product 
of p and l is constant because the lengths of the three wires are same and the size of the body 
probe is 15mm. Thus from Eq. 5 it can be concluded that increasing of wire diameter will 
lead to increase the current flow and inversely proportional to the wire resistance. From the 
results, it shows that a wire of 0.13 mm diameter produced a higher resistance value compare 
to a wire with diameter size of 0.10 mm. On the other hand, the inductive reactance can also 
be calculated using Eq. 6 [6]. The inductance value is approximately proportionally to the 
flux magnetic in solenoid [3].

XL = 2 n f l (6)

Where f  = 139.8 kHz and automatically provided by the instrument which tolerate with the 
material being tested. Thus, the product of 2n and f  give the constant value since all others 
parameters are remain unchanged. In addition, the larger wire has experiencing the higher 
reactance value compare to the smaller wire. Eq. 7 shows the relationship between the 
diameter of wire, d and number of turns N. In this experiment, 0.13 mm diameter size wire 
with 70 numbers of turns produced the higher inductance value.

L K d 2N2 (7)

By referring to Eq. 4, phase angle is calculated by dividing the inductive reactance, XL to the 
resistance, R. From the results analysis, the phase angle obtains of 0.13 mm diameter wire 
with 70 numbers of turns is the higher compare to 0.10 mm diameter wire with 30 numbers of 
turns.



Conclusions

All fabricated probes show a good response and sensitivity towards the defects. 0.13 mm 
diameter probe with 70 numbers of turns generate the higher separation angle obtained from 
100% wall lost and 20% wall lost. Meanwhile, 0.10 mm diameter probe wounded with 30 
numbers of turns produced the smallest separation angle. In addition, the separation angle is 
depending on the wire size and number of turns.
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