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Abstract  
BÖHLER is one of the principle manufacturers worldwide of high-speed steels, tool steels for cold 
forming, for the printing and extruder industries and for plastics moulding. Our efforts are further 
focused on special materials produced for the aerospace industry, for power engineering, the 
automotive industry and the offshore and chemical industries. 
To meet the increasing requirements on internal defects in rolled products, over the last 10 years 
BÖHLER has invested in state-of-the-art fully automated ultrasonic phased array equipment for testing 
bright and flat bars. This presentation shows three different ultrasonic phased array facilities for testing 
round and flat bars, and how they work. The requirements of the aircraft industry for the approval of 
phased array in place of classical immersion tank testing will be presented. A comparison between 
phased array and conventional ultrasonic testing is shown on a test bloc with flat bottom holes at 
different depths to evaluate the signal to noise ratio and the near and far surface resolution of both 
techniques  
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1. Introduction 
 
Today, a large number of advanced technological applications deal with steel bars as a key 
component within their products. Among the many examples, aerospace and energy products 
typically require highest degree of pureness and absence of defects inside the material as well 
as optimum conditions in terms of grain structure, size and texture homogeneity. Especially 
for highly stressed components such as bearing balls or turbine blades, the rolled bar is the 
product of choice.  
One of our most critical products in regard to internal defects requirements and safety 
requirements is material which is used in the aviation industry. The testing on smallest 
internal defect sizes is prescribed in customer specifications using traditional ultrasonic 
immersion tank systems. 
Böhler has world's first steel manufacturer approval for ultrasonic phased array continuous 
test facilities for the testing of steel bars which is used by the manufacturers of aircraft 
engines (Pratt & Whitney, GE - Aviation, Snecma etc.). 

2. Ultrasonic phased array technique 
 
2.1 Operating principle of the ultrasonic phased array technique for round bars 

 
Either systems with mechanical rotating transducers or systems with in the sound field 
overlapping PVDF probes which have only a low, inadequate sensitivity are mostly used for 
conventional ultrasonic testing equipment for rolled steel bars and pipes. The company Böhler 
uses four 90° "phased array probes" in the "phased array technique". These phased array 
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probes consist each of 128 or 224 transducer elements, where each one is electrically wired so 
that each element can be stimulated as an ultrasonic transmitter and can be used as a receiver. 
Groups (aperture) of up to 32 transducer elements form a virtual probe for testing. 
A serial transmitted pulse of the transducer elements in the multiplex technique generates a 
virtual rotating sound field. The "step size or aperture step" determines the virtual rotation 
speed.  

 
Figure 1: Ultrasonic phased array equipment in calibration position 

 
By use of "delay time" [ƞsec] in the transmission pulse to the transducer elements of a virtual 
probe in a specific order, the sound field can be formed. Through this electronic forming of 
the sound field, it is possible to generate an arbitrary angle in radial direction, as well as a 
focusing of the sound field. After entering the parameters such as probe type, bar diameter, 
angle in the bar, focal distance, etc., the software of the testing system calculates the necessary 
delay times. 

 
Figure 2: Electronically forming of scanning field by using phased array technique [1] 



For coupling of the ultrasound in immersion technique, the so-called "ROWA"-principle (this 
means rotating water jacket) is used. The phased array probes are located in a chamber in 
which water is injected by tangentially mounted nozzles. This produces a rotating water jacket 
(a water pipe). The inner diameter of the pipe is dependent on the amount of water that is 
injected and is set so that it is only marginally less than the diameter of the steel bar to be 
tested. This results in marginal water displacement by entry of the bars into the water chamber 
and thus not disturbing air bubble inclusions or water turbulence, which could have a negative 
effect on the water coupling. The "ROWA"-principle ensures extremely low untested bar ends 
with a length of 15-20 mm at a feed rate of up to 0.8 m/sec. 
 

Figure 3: „ROWA“ – Principle coupling with a rotating water jacket [1] 
 
2.2 Calibration of the system 

2.2.1 Ultrasonic test block 

Test block with precisely defined flat bottom hole diameter, depths and distances are required 
for the sensitivity adjustment. Adherence to the close tolerances for hole diameter, flatness of 
the flat bottom, depth and perpendicularity of hole etc. are to provide  appropriate evidence 
(such as optical microscope measured replica impressions of holes).  

 
Figure 4: Example of test block with flat bottom holes ø 0.8 mm and ø 1.2 mm 
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2.2.2 Axial and radial measuring of the sound field geometry 

For the determination of feed rate, scan index, pulse repetition frequency and for the probe 
ripple and uniformity test, it is required to measure the sound field geometry in axial and 
radial direction. This has been done on the basis of flat bottom holes in different depths with 
test blocks and digital measuring instruments (dial gauge, digital angle gage or encoder). The 
sound field geometry was measured at minus 2 dB, minus 3 dB and minus 6 dB. The smallest, 
measured value in the axial direction is used for the calculation of feed rate, pulse repetition 
frequency and scan index. The smallest value in the radial direction determines the step size.  

 

 

Test block manipulator with digital gauge for 
measuring the axial length of the sound field 

Axial sound field length of 0.8 mm  
flat bottom hole 

Figure 5: Example of axial sound field measurement 
 

2.2.3 Balancing of virtual probes 
To set the individual virtual probes to the same sensitivity, a balance of virtual probes is 
performed. The balancing is performed on a flat bottom hole at defined depth which must be 
moved over the whole effective range of a phased array probe. The test system software 
automatically corrects the sensitivity of the individual virtual probes on the basis of the flat 
bottom hole reference echoes. The balancing has to be repeated so often until the sensitivity 
difference is within a defined limit (e.g. < 1 dB). 
Example: 8 pieces of 45° phased array probes each with 128 transducers elements and an 
aperture of 16 elements. The step size results in 8 x 21 virtual probes. The 21 virtual probes 
per physical probe were balanced at a 0.8 mm flat bottom hole of a ø 101.6 mm test block in 
¾ diameter depth. After balancing the sensitivity difference (Diff. [dB]) of virtual probes, is in 
a depth of 76.2 mm within of - 0.1 dB and 0.3 dB. 

 

Figure 6: Example for balancing of virtual probes 



2.2.3 DAC – Distance Amplitude Correction or TCG – Time of flight Corrected Gain 

The variations in sensitivity are compensated by appropriate TCG curves or distance 
amplitude correction  

  
FBH 0.8mm @ 20 mm FBH 0.8mm @ 50.8 mm 

  
FBH 0.8mm @ 76.2 mm FBH 0.8mm @ 99.6 mm 

Figure 7: DAC calibration 

 
 
 

3. Comparison between ultrasonic phased array and conventional 

ultrasonic testing  

 
3.1 Comparison based on artificial defects (flat bottom holes)  

 

Test bar no. 131 with a diameter of ø 101.6 mm was used for the comparison. The sensitivity 
setting (DAC) of the phased array system was carried out on ø 0.79 mm flat bottom holes. In 
addition, a conventional ultrasonic flaw detector of type USN60 with a straight beam contact 
technique probe type MB4S manufactured by GE IT was adjusted on these flat bottom holes. 
The sensitivity of the USN60 was adjusted so that the maximum amplitude (flat bottom hole 
at a depth of 20.6 mm) reaches approximately 80% full screen height.  



 

Figure 8: Drawing of UT test block No. 131 
 

3.1.1 A-Scan images of comparison between ultrasonic phased array and conventional 

ultrasonic testing  

The following figures show the A-Scan images of comparison between ultrasonic phased 
array and conventional ultrasonic testing on the basis of the ø 0.79 mm flat bottom holes of 
ultrasonic test block No. 131.  

 



 

 

 
Figure 9: A-Scan images of comparison between ultrasonic phased array and conventional 
ultrasonic testing 



3.1.2 Results 

In the signal to noise ratio, as well as in near- and far- surface resolution, the phased array 
technique shows much better results than the A-scan images of conventional ultrasonic 
testing. 
 
3.2 Comparison based on natural defects (nonmetallic inclusions)  

 
3.2.1 Phased array testing 

Test bar No. 19, size ø 35 x 2000 mm in peeled and polished surface condition, was tested on 
the phased array system ROWA P40 PAT. A 5 MHz frequency phased array probe with 128 
transducer elements and a radius of 40 mm was used. The system was adjusted by distance 
amplitude correction (DAC) with a test block with ø 0.51 mm flat bottom holes. The 
amplitudes of this were adjusted to 80% full screen height. An indication with a -6 dB drop 
extension of 35 mm and a defect size of 0.9 mm (DAC of flat bottom holes ø 0.51 mm + 9.7 
dB) was detected and recorded. 

  
Result test bar No. 19: Display in the C-scan 

  
Defect on A-scan display in 16 mm depth Defect on A-scan display in 19.6 mm depth 

Figure 10: Images of ultrasonic phased array testing 

 
 
3.2.1 Conventional ultrasonic immersion testing 

After this, the test bar was cross-checked in a convention immersion tank system. The 
ultrasonic equipment µTomoscan from Olympus NDT and a 10 MHz immersion probe 
TS6WB10 from K. Deutsch German were used.  

BWE  

Defect echo  

BWE  

Defect echo  



  
Defect on A-scan display in 16 mm depth Defect on A-scan display in 19.6 mm depth 

Figure 11: A-scan images of conventional immersion testing  
 
3.2.2 Results 

The results are consistent in defect location, size and extent. 
 
 

4. Automated testing equipment for flat bar material 
 
4.1 Operating principle of the ultrasonic phased array technique for rectangular bars 

 
In 2009, a test facility was installed at Böhler for automated testing of rolled flat and square steel bars. The 
surface inspection is performed by eddy current array technique. The detection of internal defects is performed 
by continuous test facility using ultrasonic phased arrays. Using this equipment, square and flat bars with a width 
of 40-25 mm, a thickness of 15-80 mm and a length of 2-6 m, can be tested. The surface condition of the bars is 
rolled, straightened and blasted. After automated bar separation, they run through the eddy current array system. 
Ultrasonic testing is carried out in a water chamber in immersion technique. Bars with indications are sorted out 
for retesting and evaluation of defects by magnetic particle inspection or ultrasonic testing in contact technique. 
Bars without defects which have usable lengths after being cutted and scraped, are separated in differed sampling 
boxes. 

 

 
Figure 12: Schematic view - Automatic testing line for rectangular bars 
 
 
 



4.1.1 Ultrasonic testing – Immersion tank – scanning positions 
Bars were tested from all four sides with four 128 elements phased arrays and two 64 
elements linear phased arrays. 
 

 
Scanning positions SP A: Phased array probes with 128 elements; Aperture max. 16 elements; frequency 7.5 MHz 
Scanning positions SP B: Phased array probes with 64 elements; Aperture max. 16 elements; frequency 5 MHz 
Figure 13: scanning positions 
 

4.1.2 Ultrasonic testing mechanic 
The probes are driven by stepper motors. After entering the dimensions to be tested, the 
probes are moved to the correct position for a constant water gap. In the water chamber, the 
bars are guided exactly by additional horizontal and vertical rolls. 

 
Figure 14: testing mechanic 
 



4.1.3 Sensitivity setting test block for rectangular bars 
The sensitivity setting (DAC) is carried out by using a test block with ø 0.8 mm or ø 1.2 mm 
flat bottom holes. 

 
Figure 15: Sensitivity setting test block for rectangular bars 
 
4.1.4 User surface “C-Scan” 

Dynamic DAC scan of ø 1.2 mm flat bottom holes is carried out by using the sensitivity 
setting test block. 

 
Dynamic DAC scan ø 1,2 mm FBH in 10 mm to 30 mm depth Dynamic DAC scan ø 1,2 mm FBH in 30 mm to 73 mm depth 

Figure 16: DAC scan  
 
 

5. Conclusions 
 
The phased array testing of round and rectangular bars with linear array shows at least 
equivalent or better results than conventional ultrasonic testing in near- and far resolution, as 
well as the defect detection limit and the signal-to-noise ratio. Despite the fact that the 



requirements of individual aviation customers for the approval process and the periodic 
performance check of the phased array systems is very hard and complex, comparing the 
throughput rate of the phased array technique with the classic immersion tank technique, the 
phased array technique is a great economic benefit. 
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