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Abstract. Non-Destructive Testing applications have broad usage area from the 
medical to heavy industries. Several advanced methods, mainly developed from the 
conventional methods, are used to render the technique more flexible and easier to 
interpret. Ultrasonic Phased array technology is one of them which can be employed 
in almost any test, where conventional Ultrasonic Testing (UT) has traditionally been 
used. Weld inspection, flaw detection and the wall thickness determination in 
corrosion surveys are the most important applications. The benefits of Phased Array 
technology over conventional UT come from its ability to use multiple elements to 
steer, focus and scan beams with a single transducer assembly. In this study, the 
advantages and limitations of the Phased Array system were investigated via using 
special test blocks of St37 and SAE 4140 (42CrMo4) steels having well-defined 
artificial defects. The reliabilities of the Phased Array and conventional Ultrasonic 
Testing methods were compared using a statistical approach, the Probability of 
Detection.  

Introduction  

Non – Destructive Test (NDT) applications play a crucial role for maintaining assests 
and systems sustainable and reliable in a wide range of industries from medical to aerospace. 
One of the most important aspects of NDT is that the inspections do not damage the test 
specimen conditions. There are several NDT technologies which are very familiar to industry 
related professionals like visual, radiographic, magnetic particle, dye penetrant, eddy current 
and ultrasonic testing. In order to improve the flexibility, reliability and to provide easy 
interpretations, some advanced NDT methods have been developing by researchers. 

One of the advanced NDT methods, Phased Array (PA) technique, has emerged in 
the past few years as a very comprehensive type of conventional ultrasonic testing in 
industrial applications. Its superiority and reliability against conventional ultrasonic testing 
method has been subjected to many studies [1-4]. 

All around the world, an intensive competition have been experiencing by 
manufacturers in better performance (cost friendly, more reliable and lighter) equipment 
manufacturing. Although many industries stick to destructive testing methods in 
confirmation of quality requirements and imperfection identifications, NDT methods 
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implementations gaining importance due to their advantages in terms of component’s 
integrity.  Due to the extensive usage of NDT in industry, the demands on reliability of NDT 
methods have enforced different strategies to quantify the performance of technique. The 
Probability of Detection (PoD) concept is the most frequently used method revealed due to 
above reasons [5]. 

PoD concept was initiated by the NASA to determine the largest flaw that could be 
missed for the variations of NDT methods that were to be used in the design and production 
of space shuttle [6]. The reliability studies have been subjected to many more industrial areas 
extant to nowadays. 

In the early 1990’s, a PoD study was made to determine the detection of fatigue cracks 
in tubular joints in offshore section of oil & gas industry [7]. In 1999, X-ray radiography was 
used to determine the ceramic inclusions in Titanium castings [8]. More recently, for risk 
assessment of nuclear waste encapsulation, the PoD evaluations of NDT techniques for 
copper canisters were studied [9]. 

PoD is one of the techniques to quantify the reliability of an NDT method has been 
steadily using and gaining importance. The significant increase during last few years in the 
number of publications dealing with the PoD is determined [10]. 

There are some operational and physical parameters which have significant influence 
need to be considered when setting up a PoD setup. Initially, experimental design should 
define the conditions belong to the NDT parameters under which the demonstrations 
inspections will be performed.  Also calibration should be carefully implemented as it 
produces reliable data which directly affect the PoD reliability. Material properties are one 
of other parameter which has influence on system reliability. For example, in dye penetrant 
test, particular chemicals employed or in ultrasonic testing grain size values and 
microstructure of material [11-13] and surface roughness [14, 15] effects on reliability have 
been studied before. Specimen and flaw geometry [3], besides, should be considered as well. 
Moreover, one of the most important factors that affect PoD reliability is the human factor. 
The selected operators should have the proper training, certification and physical ability. This 
factor has been researching extensively and particularly identified in literature [6, 16]. 

In this study, PoD analysis were studied for conventional ultrasonic and phased array 
methods in different type of steels with artificially flaws created in different sizes and depths. 

1. Experimental Study 

There are two probabilistic methods for analysing reliability data and producing PoD 
curves existed as a function of flaw properties. The “hit/miss” analysis and signal response 
analysis. 

The PoD analysis identifies the detection probability of an imperfection which is 
present in test material. Here the functions of flaw size and flaw depth were studied in two 
different type of specimen using different steel qualities. In type 1 specimen (figure 1), 10 
artificially flaws created using vertical CNC-lathe in different heights on plain carbon steel 
specimen, St37. All flaws have a uniform diameter of 2 mm. In the second group of 
specimens (figure 2), 10 artificial flaws which have different diameters were created on same 
heights (60 mm) manufactured using Electrical Discharge Machining (EDM) technique [17].  

In this second group of specimens, plain carbon St 37 and low–alloyed steel SAE 
4140 (42CrMo4) steels were used for PoD analysis.   

In order to eliminate the effects on PoD analysis reliability, material geometries for 
two types of specimens were created as identical. Also, surface properties of each specimen 
were prepared in same roughness values to avoid any roughness effect in test system. With 
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addition to above parameters, microstructural investigations were carried out with finely 
grounding, polishing and etching the specimen using proper solutions. 

 
After completion and data gathering from conventional ultrasonic testing and phased 

array inspections, PoD analyses were completed using mh1823 software [18] using signal 
response analysis, (a) versus (â). Flaw depths (hole depths) were used as function of flaw 
property (a) in type specimen 1 whereas flaw sizes (hole diameters) were used as function of 
flaw property for type 2 specimens. Screen heights were used as signal response in both. 

 

 
Fig. 1. Type 1 specimen  

 

 
 

Fig. 2. Type 2 specimen 
 
 

2. Results and Discussion 

Krautkramer Branson USD 15 and Sonotron Isonic UT Pod in conventional 
ultrasonic mode equipment were used for ultrasonic inspections accompanied with the 4 
MHz contact type probe. The machine oil was used as a couplant for all inspections. The data 
retrieved from the equipment for the PoD analysis were the screen height values received 
from the artificially created flaws.  

Sonotron Isonic 2010 phased array testing equipment was used for phased array 
inspections. The phased array linear probe with 32 apertures was used and as a couplant the 
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machine oil was selected for all inspections.  Distances of flaws from inspection surface were 
adjusted into the inspection system from “focal depth” setup.  The data retrieved from the 
equipment for the PoD analysis were the screen height values received from the artificially 
created flaws. These responses were used to create “a vs â Models” for two types of 
specimens. 
 

 
Fig. 3. Four possible a vs â models for Type 1 specimen: Left: Conventional UT, Right: PA 

 
 

 
Fig. 4. Four possible a vs â models for St37 Type 2 specimen: Left: Conventional UT, Right: PA 
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Fig. 5. Four possible a vs â models for SAE 4140 Type 2 specimen: 

 Left: Conventional UT, Right: PA 
 
 
PoD curves were created with using signal responses and derived from the correlation 

of “a vs â” data. The results of inspections were processed with using mh1823 software [18], 
the a vs â model which represents the data as a straight line and approximate constant 
variance were selected and PoD curves were created.  

After selection of the best representing model, censoring values are determined. All 
a vs â systems have two censoring values. A target’s signal that is indistinguishable from the 
background noise is left censored. The right censoring value corresponds to the maximum 
possible signal, e.g. 100 % screen height. 

In addition to above values, inspection threshold (âth) and decision threshold (âdec) 
values also have significant effect of PoD analysis. Inspection threshold is the smallest value 
of â that the system records; the value of â below which the signal is indistinguishable from 
noise. On the other hand, decision threshold is the value of â above which the signal is 
interpreted as a hit, and below which the signal is interpreted as a miss. It is the â value 
associated with 50 % PoD. Decision threshold is always greater than or equal to inspection 
threshold [16]. 

Following to selection of best model for all representations, “â decision, left censor, 
right censor and etc.” choices were selected and PoD curves were processed. 
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Fig. 6. PoD curves of Type 1 specimen: Left: Conventional UT, Right: PA 

 
For conventional ultrasonic testing, the 50 % Probability of Detection of flaw (a50) is 

28.61 mm in depth. Additionally, 90 % Probability of Detection of flaw (a90) is 32.61 mm in 
depth and 90 % Probability of Detection of flaw with a confidence interval of 95 % of a flaw 
(a90/95) depth is 33.41 mm from surface were obtained. On the other hand, in phased array 
system, the 50 % Probability of Detection of flaw (a50) is 14.4 mm in depth and 90 % 
Probability of Detection of flaw (a90) is 16.41 mm in depth. Finally, 90 % Probability of 
Detection of flaw with a confidence interval of 95 % of a flaw (a90/95) depth is 17.68 mm. 
Results show that the phased array method is superior than the ultrasonic method in terms of 
detecting nearest flaws to the surface. This ability comes from the focal depth property of 
phased array and also near field disadvantage of ultrasonic testing. 

In addition to above PoD result, the nearest flaw to the surface which is 5 mm in 
depth, was also determined with phased array system in laboratory tests which could not be 
detected by ultrasonic testing. 

 

 
Fig. 7. PoD curves of St 37 Type 2 specimens: Left: conventional UT, Right: PA 
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Fig. 8. PoD curves of SAE 4140 Type 2 specimens: Left: Conventional UT, Right: PA 

 
 

Table 1. Reliability values for ultrasonic and phased array systems for St37 & 4140 steels 

Reliability 
St 37 4140 

Convent. UT PA Convent. UT PA 

50 % PoD 0,4101 0,4010 0,3210 0,3805 

90 % PoD 0,7835 0,7006 0,4053 0,4714 

90 % PoD with a confidence 
interval of 95 % 

1,0300 0,8995 0,4644 0,5296 

 
 
As per PoD curves and above values represented on Table 1, reliabilities of inspection 

techniques do not differ significantly in type 2 specimen which has flaws on different 
diameters. 

 

3. Conclusion 

The advantages and limitations of phased array system against conventional 
ultrasonic techniques in terms of statistical approach were studied. The comparison between 
these two methods are modelled by probability of detection (PoD) concept with using two 
types of steel test blocks containing well-defined artificial defects with different diameters at 
different depths. The surface roughness effects were eliminated and microstructural analysis 
was evaluated as a relevant factor of reliability. PoD analyses were performed using mh1823 
software using flaw depth (a) versus signal response, screen height (â). 

It is concluded that phased array system against conventional ultrasonic has 
superiority in the near field distinction capability. However, in determining the reliability of 
inspections systems in terms of flaw size, as per the PoD curves, reliabilities of phased array 
and conventional ultrasonic techniques do not differ significantly. Moreover, the effects of 
microstructure of the test specimen are negligible. 
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