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Large mechanical structures such as aircrafts and power generation plants are operated in 

corrosive environment under high temperature and high pressure. In such conditions, cracks 

can easily develop, initiate and propagate. These cracks lead to various types of fractures in the 

abovementioned large mechanical structures. And the fractures not only result in the loss of 

economy and even worse, of life but also environment pollution. Therefore, cracks need to be 

inspected with equipment having high detection capability before they can initiate fractures. 

In this paper, a non-destructive testing method of metallic structures by visualization of 

alternating magnetic field is proposed. Up to now, the alternating magnetic field has been 

visualized by using the yoke-type magnetizer and linearly integrated Hall sensors array. Also, 

the static magnetic field has been visualized by using the matrix-type Hall sensors array. 

However, the 2-dimensional alternating magnetic field has not been visualized in real time. 

To realize the visualization system of a 2-dimensional alternating magnetic field, that is, 

an AC-type magnetic camera, a sheet-type induced current, matrix-type Hall sensors array and 

signal processing circuits were developed. An alternating magnetic field is distorted by a crack 

on a metallic structure. Therefore, the AC-type magnetic camera can inspect cracks. 



 
 

The crack inspection ability of the developed AC-type magnetic camera was verified by 

non-destructive testing of austenitic stainless steel and aluminum alloy. Austenitic stainless 

steel is used in nuclear power generation plants. Austenitic stainless steel is a paramagnetic 

metal, but it can have a ferromagnetic structure in certain environments. This ferromagnetic 

characteristic has obstructed the inspection of cracks in the previous non-destructive testing. 

Also, aluminum alloys are used in aircrafts. The fatigue cracks and corrosion of an aging 

aircraft have to be inspected and evaluated quantitatively. 

The developed AC-type magnetic camera and crack inspection method of metallic 

structures can be used in the non-destructive testing of large mechanical structures. 

Furthermore, this inspection method, with its accurate prediction ability, can also be used for 

damage tolerance engineering. The lifetime evaluations of aged structures and machines, which 

have a high accident probability, can be carried out more accurately. 
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  (magnetic source)    .   

(C-MFL, cross type magnetic flux leakage) [23], (DC-MFL, direct 

current magnetic flux leakage), (V-MFL, vertical type magnetic field leakage), 

(STIC, sheet type induced current) [14-21], -

(CIC-MFL, complex induced current-magentic flux leakage) [24-26]  

(MFPT, magnetic fluid penetration testing) .      

   Table 2-1  .  
Table 2-1 

Magnetic Source 
Type Abbreviation Specimen 

Material Character Application 

Cross type 
magnetic flux 

leakage 
C-MFL Ferromagnetic

Crack inspection 
regardless of crack 

direction 

ISI of streel and iron 
structure 

Direct current 
magnetic flux 

leakage 
DC-MFL Ferromagnetic

Small size NDT 
system. Suitable in 
scan type mangetic 

camera 

PSI in the steel-iron 
production line. ISI in 

train wheel 

Plate type magnetic 
flux leakage P-MFL Ferromagnetic NDT of pipe. 

Suitable in area type 
magnetic camera 

ISI of steel structure.  
ISI of wire production 

In-side solenoid 
magnetic flux 

leakage 
IS-MFL Ferromagnetic ISI of steel pipe 

Vertical type 
magnetic flux 

leakage 
V-MFL 

Ferromagnetic, 
Paramagnetic 

and Mixed 
ferromagnetic & 

paramagnetic 

NDT of metal. 
Suitable both of 

scan- and area-type 
magentic camera. 

ISI of aircraft and 
nuclear power plant Sheet type induced 

current STIC 

Improved sheet 
type induced 

current 
I-STIC Suitable in scan type 

mangetic camera 
ISI of aircraft and 

nuclear power plant 

Combined induced 
current-magentic 

flux leakage 
CIC-MFL 

NDT of metal 
regardless of kinds. 

Suitable in 
scan-type magnetic 

camera 

PSI in steel 
manufacturing line.  
ISI of aircraft and 

nuclear power plant 

Magnetic fluid 
penetration testing MFPT All material Opened surface 

crack 
ISI of aircraft and 

nuclear power plant 
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   ANSYS Program (Ver. 11.0 SP1 UP20070830, EMAG)   

 .        Table 3-1  

.  
 
  

1

X

Y

Z

AUG 10 2010
10:02:06

ELEMENTS

MAT  NUM

Core

Core

Coil

Sensing area

Specimen

Environment

Sheet type copper plate

Coil



 
 

Table 3-1       
 

 
  

Item Material 
Magnetic 

Properties 
Size [mm] Meshing 

size[mm] 
ANSYS 

model type 

Specimen Aluminum 
MURX1.000022
RSVX 2.82e-8

40 × 100 × 1 1 SOLID117 

Core Silicon 
Steel 

MURX 4000 
RSVX 4.72e-8

25 × 40 × 0.35
2 cores with 30 
slides of each. 

2 SOLID117 

Coil Copper 
MURX0.999994
RSVX 1.68e-8

21× 28 × 11 
2 coils ×  17 
turns × 2.5A 

2 SOLID117 

Sheet type 
copper plate Copper 

MURX0.999994
RSVX 1.68e-8

28 × 126.4 × 44 
thickness 0.2 1 SOLID117 

Sensing area Air MURX 1 40 × 100 × 1 1 SOLID117 

Crack Air MURX 1 1 × 10 × 4 2 SOLID117 

Environment Air MURX 1 50 ×170 ×70 5 SOLID117 
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Fig. 3-7 
(crack : L2, W1, D4 [mm]
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Fig. 3-8 
(crack : L10, W1, D4 [mm])

1

                                                                                
.900E-07

.334E-04
.667E-04

.100E-03
.133E-03

.167E-03
.200E-03

.233E-03
.267E-03

.300E-03

AUG 31 2010
21:23:48

VECTOR

STEP=1
SUB =1
FREQ=10000
B
ELEM=370
MIN=.425E-07
MAX=.228E-03

1

                                                                                
.900E-07

.334E-04
.667E-04

.100E-03
.133E-03

.167E-03
.200E-03

.233E-03
.267E-03

.300E-03

AUG 31 2010
21:20:33

VECTOR

STEP=1
SUB =1
FREQ=20000
B
ELEM=370
MIN=.961E-07
MAX=.187E-03



 
 

 2   

1.   

   (STIC, Sheet Type Induced Current)  8  

  1   , 2  ( )    . 1  

  (IAC)  , 8    ,   

  .    ,   

 .   , Fig. 3-9     STIC  

.  370mm,  100mm,  0.1mm   ,  

   70mm     . 

,      , 17   

  2.5A, 1~20kHz   . ,    2  

     .  
 

 
 

Fig. 3-9 



 
 

2.    

Fig. 3-10(a)  NiZn   2   InSb  

.  780um   32  32   , Fig. 3-10(b)  
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1.  

3   ,  2  ,   

      ,    

  (Al7075)    (Fig. 4-1, Fig. 4-2)  

  .  
 

 
Fig. 4-1 

 

   Fig. 4-1      3.2mm~10.8mm  

 (milling)   .   Table 4-1  . 

, Fig. 4-2   200mm 200mm 5mm    ,   

   ,     Table 4-2  

.  
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Table 4-1    

  

Crack No. Diameter [mm] Depth [mm] Crack No. Diameter [mm] Depth [mm]

1 3.23 0.80 14 6.64 0.14 

2 3.55 0.65 15 6.74 0.01 

3 3.88 0.41 16 8.40 0.90 

4 3.84 0.20 17 8.44 0.39 

5 4.03 0.12 18 8.54 0.41 

6 4.48 0.84 19 8.64 0.22 

7 4.58 0.66 20 8.86 0.04 

8 4.66 0.37 21 10.50 0.78 

9 4.73 0.19 22 10.46 0.58 

10 4.80 0.04 23 10.47 0.49 

11 6.36 0.70 24 10.57 0.18 

12 6.45 0.52 25 10.88 0.01 

13 6.53 0.34 



 
 

 
Fig. 4-2 

 
 

Table 4-2     

 
  

Crack 
No. Shape Width 

[mm] 
Depth
[mm] 

Length
[mm]

Section 
area[mm2]

Crack 
volume[mm3] 

Crack 
angle[deg]

1 Rectangle 0.8 1.0 10 10 8 90  

2 Rectangle 0.8 2.0 10 20 16 90  

3 Rectangle 0.8 3.0 10 30 24 90  

4 Triangle 0.7 1.0 10 5 3.5 11.3  

5 Triangle 0.8 2.0 10 10 7 21.8  

6 Triangle 0.7 3.0 10 15 12 30.96  

7 Circular 
Arc 0.7 3.0 10 23.55 16.5 61.9  

8 Circular 
Arc 0.9 3.0 10 23.55 21.2 61.9  

9 Step 0.5 1.5&3.0 10 22.5 11.25 90  

10 Step 0.5 1.5&3.0 10 30 15 90  
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Fig. 4-9 �VR/�x|TOTAL     . 
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    ,   . Table 4-3  
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Table 4-3       

Crack No. Depth [mm] Width [mm] Length [mm] Volume [mm3] 

1 2 0.79 10 15.8 

2 4 0.82 10 32.8 

3 6 0.82 5 24.6 

4 6 0.61 10 36.6 

5 6 0.80 10 48.0 

6 6 0.98 10 58.8 

7 6 0.74 15 66.6 

8 8 0.80 10 64.0 

9 9 0.80 10 72.0 

 
 
 
 

 
 

Fig. 4-11 (Unit: mm, thickness: 10mm)
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Fig. 4-12 
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Eq. (5)      Eq. (6)    . 
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