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Abstract 
A 2-D scanning SQUID-Based NDE system for testing of room temperature stationary samples in unshielded 
environments has been designed and implemented (in SERL Laboratory, http://serl.sharif.edu/). Using our NDE 
system with white noise level of about 50 µΦ0/Hz-1/2 at 500Hz (in unshielded environment) and with a non-
magnetic 2-D robot, we performed NDE scans of hidden cracks in aluminum sheets. We have also designed a FEM 
solution algorithm for electromagnetic simulation of the NDE scans. The algorithm divides the whole 
electromagnetic problem in two more simple problems which results in a great extent saving of commutating memory 
usage and simulation time. Using these two approaches, it is shown that our experimental results match the 
simulations very well.  
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Introduction  
Superconducting Quantum Interference Device sensors (SQUIDs) are the most sensitive magnetic sensors 

which are known. Because of the very high sensitivity of these sensors, they are an interesting candidate for ultra 
sensitive magnetic NDE Measurements. In Eddy current SQUID Based NDE measurement, an excitation coil 
induces a low frequency current in the sample and the SQUID senses the magnetic field of the induced current 
[1]. Existence of possible crack or flaw in the sample changes the distribution of induced current and so the 
magnetic field seen by the SQUID. In NDE experiments scanning mobile systems which include the magnetic 
sensors work in unshielded environments and so incorporating SQUID sensors in NDE systems need special 
shielding and noise reduction considerations [2]. 

The block diagram of our system is shown in Fig.1. This system contains a first order RF SQUID 
Gradiometer with 1.5mm Baseline and 0.75mm diameter washer area [2]. 

 
Fig1. The Block diagram of the SQUID Based NDE system 
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The RF SQUID readout system operates at 750MHz and incorporates a LC resonator for flux coupling 
[3],[4]. The system contains a 2-D scanner robot which is completely nonmagnetic with the ability for scanning 
of 70cm×72cm samples (Fig.2) [5]. It also contains a special liquid nitrogen dewar [6], a micro-positioner for 
x,y and θ adjustment of excitation coil. a lock-in amplifier and other signal conditioning and data acquisition 
subsystems [7].  

 

 
Fig.2 The implemented 2-D scanning robot carrying the Liquid Nitrogen dewar 

 
Using this system we have examined aluminum samples with different thickness carrying different cracks or 

flaws. Fig.3 shows the configuration of the sensor, coil, and the sample for a 1-D test setup. Fig.4 shows the 
results of a one dimensional scanning of such a system with a crack of 50um width and 5mm height, which is 
placed below 2.4cm Aluminum plate with 1cm air gap between the sensor and the aluminum surface. As can be 
inferred from Fig.4, the signal to noise ratio for this detection is about 20dB. 

 

 
Fig.3 The structure of the sample with the intentional 

hidden crack 2.4cm below surface 
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Fig4. The 1-D scanning result of the structure shown in Fig.3. 
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Numerical FEM simulation 

The analysis of crack is very important for the Eddy Current NDE. In the finite element analysis, the crack of 
the benchmark problem that includes an artificial crack is modeled by assuming the conductivity of the finite 
elements in the crack to be zero. However since the gap of the natural crack is narrow and the shape is complex 
the number of finite elements to model the natural crack increases remarkably with complexity of the crack 
shape. Therefore, it is difficult to make accurate finite element model and a large amount of computer resources 
is necessary to compute the eddy current distributions [8]. 

In our work in electromagnetic simulation of the NDE system, the excitation coil and the sensor are assumed 
to be fixed and by changing the position of the flaw, its affect on the SQUID magnetic field is simulated. 
According to the intrinsic limitation of FEM simulators (needing a lot of meshes for precise solution), the 
integrated simulation of the system (including the Double-D Excitation coil and the sample with hidden flaw) is 
not possible. So we divided the problem into two phases, in which as the first step, different components of the 
induced current in the sample is found. Fig. 5 shows an example for the distribution of induced current in an 
aluminum sample without any flaw. 

 

Fig.5 induced current distribution in the aluminum sample 

 
The existence of a flaw disturbs the distribution of the current of its neighborhood and just the magnetic field 

of this disturbance shows the characteristics of the flaw. 
In the second phase of simulation, we model the perturbation in current distribution as a new source of 

current and find its magnetic field at the sensor position. Depending on the size and the depths of the cracks, the 
eddy current perturbation acts approximately like a magnetic dipole. A small volume in close vicinity of the 
defect is defined as active volume, where defect induced perturbations occur. The integral of the eddy current 
density in this volume leads to the corresponding current, which in turn is proportional to the magnetic field 
measured by the SQUID [9]. 

Of course this new source depends on the position of the flaw and the distribution found in the first step. 
Different models have been proposed for the perturbation of current by a flaw [10], [11]. Fig.6 shows the model 
we have assumed for the current disturbance around the flaw.  

 

 
Fig.6 The model for disturbed current around a flaw in a the sample 
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Fig. 6-A shows the homogenous current in a small region of a sample without any flaw. Existence of a 

cylindrical flaw in the sample makes the current to turn around it, which causes a distribution like Fig. 6-B. The 
difference between the distributions of Fig. 6-A and Fig 6-B is shown in Fig. 6-C. as the SQUID senses this 
disturbed current, it can be considered as the new source current. In Fig. 6-D the model we have chose for this 
imaginary flaw source current is shown. 
 
Experimental and simulation results 

For confirmation of our current perturbation model, we compared its results with the obtained experimental 
results. Selection of excitation frequency for NDE experiments is an important issue which is affected by the 
noise spectrum of the system, the characteristics of the sample, and the depth of the crack or flaw in it. The  
experiment was performed by exciting the coil at 300Hz for detection of shallow depth flaw (2mm depth) in an 
aluminum (of 5000 series) sample from a far SQUID to sample distance (4cm) and using a 2-D scanning, and we 
found the magnetic disturbance by the flaw as the image which is shown in Fig.7. We also simulated this 
configuration based on FEM using our model; its result is shown in Fig.8. As it can be seen from Fig.7 and Fig.8 
the two approaches are in very good agreement. As we expected the magnetic field seen by the gradiometer 
SQUID has four peaks; two positive and two negative, and the flaw is at the middle of these peaks. There is also 
a monolithic increase in magnetic field in experiment, which is just because of the desk lift-off.   

  

Fig.7 Experimental results of a 2-D SQUID based 
NDE scanning of a sample with hidden flaw 

Fig.8 Simulation results of a 2-D scanning of a sample 
with hidden flaw in it. 

Conclusion 
An overview of an implemented SQUID based NDE system for detection of hidden flaws and cracks in metallic 
samples have been explained and its ability for detection of deeply hidden cracks (above 2.4cm hidden) with a 
good signal to noise ratio has been demonstrated. Also for FEM simulations of the whole NDE system we 
proposed a new model for flaw modeling. The comparison of the result of the two dimensional NDE scanning of 
a hidden flaw with a FEM simulation based on our model, we have shown a very good agreement between these 
two approaches.  
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