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Abstract 

Industrial testing of round bar material is commonly carried out directly in the testing line 

applying automated testing-machines. Due the simple handling possibilities and the excellent 

resolution, phased-array systems, preferably of type ROWA are applied for these tasks. Up to 

now, many special materials with associated non-standard specifications are still tested offline in 

immersion tanks or even manually. In addition to the small reference defects applied, the testing 

of those materials requires am in depth understanding of the variation of the defect signal along 

the complete circumference of the test body, generally referred to as Ripple and Uniformity. 

From the process point of view, it is of great advantage to transfer the offline test of special 

machines to the inline testing machine. In order to do this, a detailed measurement of the testing 

homogeneity under industrial conditions is one of the key points. For this purpose, a method and 

a measurement system, which allows measuring Ripple and Uniformity, was developed and set 

into operation. 
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1. Introduction 

Round Steel Bars are one of the key products within the range of semi-finished products and 

find their markets within many fields of application. The huge number of available steel alloys 

makes this material extremely versatile to use.  Among these are Duplex and Super Duplex 
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Steels, High-speed steels and others. Typical applications range within general applications 

towards more specific ones within automotive or aerospace industries. Apart from the alloy 

characteristics, the properties of the steel are governed by the melting, casting and rolling 

processes as well as by final heat-treatment. A successive combination of those will allow the 

producer to manufacture tailored materials for specific applications.  

Today, basically all steel types for advanced applications undergo a nondestructive test. The 

methods applied vary with the application itself. Very common tests are Eddy current and 

Magnetic Flux Measurements to inspect the surface integrity of the steel bars. Applying these 

methods, cracks in the surface can be detected with high sensitivity. To inspect the body of the 

Steel Bar, typically ultrasound methods are used. Depending on the technique used, one can 

either detect inclusions in the Material itself or get additional information about surface- and 

subsurface cracks.  

Typically, the non-destructive tests are carried out directly within the production line. Testing 

machines allow an automatic control of the test pieces, store the data and issue alarms in case of 

threshold violations, which are triggered by signals that indicate a defect interaction. These 

machines provide a reliable and reproducible test environment, which is optimized to the product 

flow of the production line.  

2. Phased Array Machines of Type ROWA 

For Testing of Steel Bars, three major techniques of ultrasonic testing exist: 

1. Scanning in full immersion Tanks with a rotating bar 

2. Testing with a rotary head, which provides a probe that rotates around the bar. The 

bar is transported linearly. 

3. Concentric Arrangements of probes around the bar, preferably Phased Array Probes. 

The bar is transported linearly, see Fig. 1. 

In Machines of type ROWA, a water chamber is realized between the bar and the 

concentrically positioned, round Phased Array Probes. Into the water chamber, the water is 

injected tangentially, in order to install a rotating water jacket, into whose opening the Bar can 
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enter. This results in excellent coupling conditions by not injecting air into the chamber together 

with the test piece.  

Three Parameters govern the 

Phased Array Testing in the Rowa 

Arrangement: 

1. The Aperture of the virtual 

Probe which defines the 

ultrasonic characteristics of 

the virtual probe 

2. The Step-Size which gives 

the Radial Separation of 

two virtual probes and with 

this the radial shot distance 

3. The Overall number of 

virtual probes, from which 

the axial shot distance can 

be computed at a given Pulse Repetition Frequency (PRF) and linear conveyor speed 

Depending on the defect type to be detected in 

dynamic mode, i.e. within production, these 

parameters need to be chosen appropriately. The 

Aperture is mainly defined by the SNR Ration of the 

defect, while the radial shot distance should be 

chosen depending on the radial sound width of the 

virtual probe. To determine the axial shot distance, 

the sound field in axial direction can be measured. 

With this parameter, the conveyor speed can then be 

calculated. The measurement of the sound fields in 

 

Fig. 1: Rowa Arrangement 

 

Fig. 2: Influence of Speed on Shot distance 
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radial and axial detection is probed with the defect that needs to be detected, so a tailored 

measurement sequence results from this. 

All types of machines show up with tolerances during the test. It is obvious, that testing for 

point like defects will sow up with larger tolerances than those associated with long defects. 

Mostly, tolerances are of geometric nature, for example related to the straightness of the Bar, the 

adjustment of the turning mechanics or the probes. For phased-array based machines, the  

variation of the phased array probes is the equivalent to the turning sensitivity of the  

conventional machines. For the test integrity itself, one is interested in the overall tolerances, 

in order to correct the machine settings. 

In particular, the phased array machine can be adjusted for totally different detection 

scenarios, depending only on the requested reference defect. Since all settings are  only present 

within electronics, the re-setup after a given calibration is easy, fast and reliable, so it is possible 

to maintain a huge variety of specifications to be tested after. Especially Tests for point-like 

Axiale Sound Field / D = 115mm

FBH Start Ende Delta Start Ende Delta

D/2 + 0.5" 2,341 mm -1,451 mm 3,792 mm 4,003 mm -2,820 mm 6,823 mm
D/4 0,096 mm -1,093 mm 1,189 mm 2,098 mm -2,229 mm 4,327 mm
D - 0.125" 2,743 mm -2,198 mm 4,941 mm 4,725 mm -4,322 mm 9,047 mm

Radiale Sound Field / D = 115mm

FBH Start Ende Delta Start Ende Delta

D/2 + 0.5" 5,200 -3,900 9,100 10,600 -8,000 18,600
4,2 -5,6 9,800 8,5 -8,8 17,300
4,2 -4,3 8,500 8,3 -8,3 16,600

D/4 1,300 -1,100 2,400 3,600 -3,500 7,100
2,5 -1,4 3,900 4,2 -3,5 7,700
1,9 -1,6 3,500 4,2 -3,3 7,500

D - 0.125" 2,200 -1,800 4,000 4,200 -3,600 7,800
2,100 -2,8 4,900 3,5 -4,3 7,800

2 dB 6 dB

2 dB 6 dB

 

Tab. 1: Sound Field widths for 115mm Bar 
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defects and longitudinal defects can be carried out and differ mainly in the electronic setting and 

the linear speed. The influence can be seen from Fig. 2.  

3. Settings of the ROWA PAT for Point-like Defects 

 The ROWA B120-PAT is a system with 8 Phased array Probes round the Bar. It can test 

Bars up to 120mm on core defects and notches. It is setup in this case for a Bar with a diameter 

of 115mm. Into this bar a set of FBHs at different depths has been manufactured, as indicated in 

Fig. 3. From these notches on the one hand the Calibration is carried out, on the other hand they 

can be used to probe the Beam width and to set the correct values for the TCG curves. For 

example, in the values for the axial and circumferential Beam Width have been measured for the 

115mm Bar. From these values one can deduce shot distances to assure the correct detection of 

 

Fig. 3: Typical Reference Bar (D 25,4mm) 
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the defects within reasonable tolerances. In this special case, a shot distance of 3mm in radial 

direction and 2mm inaxial direction is a good choice, if the FBHs should be detected. From these 

values directly follows a Step-Size of 6 Elements with an Aperture of 26 elements, the overall 

number of shots is 18. A similar consideration is carried out for the angle shots in cw and ccw 

direction. Taking all these shots into account, one can deduce, that for the detection of the defect 

one ends up with a linear speed of 0.1m/s for the point-wise defect, which is a reasonable speed 

for the highest value materials.  

4. Determination of Tolerances measuring Ripple and Uniformity 

As all technical processes, Ultrasonic Testing shows up certain tolerances during the test. In 

order to assure the quality of the test and in 

consequence of the material, it is important to 

understand the tolerances and determine the 

deviation over the complete range of the test. 

The measurement of ripple and uniformity 

gives a detailed information on the system.  

To carry out a ripple and uniformity 

measurement, three steps are necessary:  

1. For one Phased-Array probe, an angle 

resolved measurement of all signals of it’s 

virtual probes needs to be made. This is 

done by moving the reference defect to the 

maximum of the first virtual probe and use this as the zero point of the measurement. Then, 

for fixed angle steps from typically –x degree to the total scan-angle - end + x degree. A 

good value for x is 9d.degree. The difference between minimum and maximum signal over 

the total scan angle range is the ripple of the probe. 

2. Without changing the zero degree point, the reference defect is moved to the next virtual 

probe and the same measurement as for probe 1 is made. This is done for all probes of the 

 

Fig. 4: Typical Reference Bar (D 25,4mm) 
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system, so the overall angle of 

360° is covered. The 

difference between the 

minimum and the maximum 

signal over 360° is the 

uniformity of the Testing 

system 

3. To cover the full body of the 

test, the procedure is repeated 

for flat bottom holes of 

various depths.  

The Procedure is not 

dependant on the type of test, 

because the evaluation gate is used 

in the same way as during the test. If the angle test is applied, the evaluation gate of the the 

appropriate channels is used to collect the ripple and uniformity data.  

To make the test as reliable as possible, a test bar manipulator is needed (Fig. 4). The 

manipulator allows to rotate the bar for 360 degrees and to translate the bar from the first probe 

to the last probe. The measurement itself is controlled by a special module of the testing software  

(Fig. 5). The change of the angle is automatically monitored and evaluated for the correct 

position. After positioning, the measurement process is started and the Data is collected. In a 

semiautomatic fashion, the complete Angle of 360° and complete ensemble of Phased Array 

Probes is scanned and evaluated. The Ripple and Uniformity values are calculated automatically 

after the measurement process and can be printed for documentation purpose.  

5. Results and conclusion 

The procedure of ripple and uniformity measurement has been finished successfully up to 

now for three Types of ROWA-B-Pat machines 

1. ROWA-B-40, with 4 Phased Array Probes for diameter 25,4mm 

 

Fig. 5: Ripple and Uniformity Measurement Environment 
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2. ROWA-B-75 with 8 Phased Array Probes for diameter 55mm. 

3. ROWA-B-120 with 8 Phased-Array Probes for diameter 115mm 

For all bars, the measurement was done at different depths, typically for the far hole at D-

3,2mm, a mid or near mid hole at D/2 and a hole in the range of ¾D. For tests, also other values 

were evaluated, since the procedure can be done for any depth. The Results are collected in the 

following tables. 

ROWA B-40 PAT 

Test Diameter 
FBH 1 

D-3,2mm 

FBH 2  

D/2-3,2mm 

FBH 3 

D/2 

Angular 

25,4mm 3,0 5,3 5,3  

ROWA B-75 PAT 

Test Diameter 
FBH 1 

D-3,2mm 

FBH 2 

D/4 

Angular 

55mm 1,0dB 2,7dB 1,2dB 

ROWA B-120 PAT 

Test Diameter 
FBH 1 

D-3,2mm 

FBH 2 

D/4 

FBH 3 

D/2+6,4mm 

Angular 

115mm 2,1dB 3,7dB 5,0 1,9dB 
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The Results show a good performance of the overall system. Knowing the maximum 

deviation, it the test procedure can be adjusted in an appropriate way, so the test integrity is 

assured.  


