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Abstract 
Several standards used for ultrasonic inspection have limitations imposed on the wall thickness required for the 

calibration block.  For curved blocks, where the inside diameter can significantly alter the reflected pressure 

distributions, this is probably an effective requirement to ensure similar condition between calibration and 

component scanning.  However, when flat parallel surfaces are concerned the concerns for matching thickness of 

calibration block to component thickness seem to be misplaced.  This report details the modelling of echo 

responses from the traditional “side-drilled-hole” calibration target.  Distance Amplitude Correction curves 

(DAC curves) are simulated by observing the echo-dynamic responses for direct and skip paths on blocks of 

different thicknesses.   
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1.  Introduction 
 
Standards used for ultrasonic testing (UT) often regulate the targets and calibration block designs that are to be used for 

applications.  In most cases the function of stipulating the details of the block and targets is to ensure that any subsequent 

inspections will be compared to the same standard; hence an indication found by one inspection system and operator 

will be within a small tolerance of another system or operator.  

Most standards used for weld inspection by UT use the responses from holes drilled parallel to the test surface, as the 

reference target (i.e. the side drilled hole or SDH).  Several holes are generally used such that movement of the probe 

will peak the response from each hole at increasing sound paths.  Alternatively, a single hole may be used if the sound 

path can be increased by reflections of the beam off smooth parallel surfaces of the reference block.  These two 

approaches are illustrated in Figures 1 and 2.  

 

Figure 1  Calibration setup for sound paths to targets using a single SDH with multiple reflections 

to increase soundpath to target to obtain a 3-point DAC from a single surface of the block 
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Figure 2  Calibration setup for sound paths to targets using multiple SDHs with several direct soundpaths to 

obtain a 4 point DAC 

 

In Figure 1 the probe is positioned with the beam directed at the SDH 10mm from the test surface of a 20mm thick plate 

of steel.  Having made two reflections off the far surface and one reflection of the near surface the equivalent depth of 

the SDH is 70mm.   

In Figure 2 the same probe is used and its beam is peaked at the same size SDH; however, there are 4 SDHs and the 

deepest at 70mm down from the test surface in a block 80mm thick.   

The central ray of the beam has travelled the same distance in both cases.  

Debate has existed for the effect of losses that might occur at the reflection surfaces.  To this end, some practitioners and 

standards advocate that the calibration block be the same thickness as the test piece.  Considering the associated 

reflection coefficients, this approach seems to be unwarranted if the skip condition can maintain the beam shape.  When 

the reflection surface is infinite (relative to the beam dimensions), smooth (relative to the wavelength) and parallel to the 

test surface, one should expect that the attenuation effects on the beam would be essentially the same as when the beam 

moves through an unbounded medium.  Effectively, the echo responses for the conditions in Figure 1 should be the 

same as the echo responses in Figure 2 as there will be relatively little loss at the reflection points.  

To investigate the veracity of the assumption that the responses will be essentially equivalent, Civa modelling is carried 

out on several configurations.  

Note: standards typically allow DAC curves some tolerance for reproducibility.  Typically a “check” on the stability of 

the calibration DAC requires that the subsequent checks provide responses within 2dB of the initial reference at each of 

the positions where the target response is noted.  2dB is a relatively large tolerance; however, over time, several 

parameters could change that could affect the response amplitudes.  E.g.  

• holes could begin to accumulate moisture and corrosion could occur that roughens the surface of the 

target.  The effect would be different at different points along the hole and could be different for each 

refracted angle 

• accumulation of couplant in the holes could form well-bonded deposits that would absorb some sound at 

different points along the holes 

• Operators may not always use a straight-edge to align the probe perpendicular to the axis of the SDH and 

any beam skewing associated with the probe construction could provide slight variations of the response 

relative to the way the operator points the beam at the targets.  

The above parameters would result in gradual changes in sensitivity over time.    
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Modelling allows us to compare results of hole placement for the ideal conditions; i.e.  

• perfectly smooth surfaces of the SDH 

• SDH perfectly parallel to the test surface 

• SDH perfectly perpendicular to the beam 

• SDH perfectly clear of all debris and deposits 

• perfect probe to part coupling 

Civa modelling provides these ideal conditions so accurate comparison of relative amplitudes can be made.   

Modelling is provided to illustrate that a midrange calibration block with thickness 40mm can adequately address a full 

range of thicknesses without the need for multiple calibration blocks.   

2. Modelling Parameters 
To illustrate the effect of varying thickness on amplitude response, all parameters except the block thickness are fixed.   

Probe: 5MHz 8x9mm 45°, & 5MHz 8x9mm 60° 

Wedge material  cross linked polystyrene (Compression Velocity 2360m/s) 

Block: Material -Steel, density 7.8g/cm
3
, Compression Velocity 5900m/s, Transverse Velocity 3230m/s, Width 

50mm, Length 300mm 

Target  3mm diameter SDH, (50mm long – i.e. width of block) 

Block Thicknesses:  20mm, 40mm, 60mm, 80mm  

Table 1: Target depth placement to centreline relative to test surface 

Block 

Thickness 

(mm) 

Hole depth(s) 

(mm) 

20 10 

40 10 

30 

60 10 

30 

50 

80 10 

30 

50 

70 

 
Modelling was configured to permit the beam to move perpendicular to the SDHs and B-scan presentations were 

generated from which the amplitudes of the peaked signals could be derived.   

 

Figure 3 illustrates the B-scan overlaid on the 60mm thick block.   
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Figure 3 B-scan generated by 45° beam on 3mm SDHs in 60mm thick block 

 

A convenient way of illustrating the DAC differences is to plot the echo-dynamic curves provided in Civa.  Civa 

simulation software permits the overlay of multiple curves on the same plot and assigns a different colour to each.  The 

process of constructing a DAC is simply connecting the peak responses from each target as done in Figure 4.  There we 

see that the maximum difference occurs between the responses from the SDH at 50mm equivalent depth.  The echo-

dynamic curves from the 80mm, 60mm and 40mm plates are so close for the four targets indicated, that their peak 

responses indicate essentially no differences.  The responses from the SDH in the 20mm plate are indicated by the red 

echo-dynamic curve.  This indicates that there is a 1.9dB reduction in the response from the third and fourth holes (at 

50mm and 70mm equivalent depths respectively).  
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Figure 4 Comparing echo-dynamic curves for 45° probe on 4 calibration blocks of different 

thicknesses (DAC drawn for thickest block) 

The process is repeated for the 60° probe and the results illustrated in Figure 5.  The maximum difference between the 

peaks on the 4 curves is 1.4dB and occurs at the third point where the 20mm plate response is lower than the 80mm 

plate.  

 

Figure 5 Comparing echo-dynamic curves for 60° probe on 4 calibration blocks of different 

thicknesses (DAC drawn for thickest block) 
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3. Observations and Discussion 
It has been observed that pressure losses are indeed associated with reflections on calibration blocks.  However, these 

losses are relatively small.   

For the 45° beam from the 8x9mm probe the loss as a result of a single reflection is indicated to be approximately 

0.2dB.  The next two reflections introduced 1.9dB loss on each reflection.   

For the 60° beam the losses at each reflection are even less than that observed for the 45° probe.  

When using the traditional procedural methods of UT, transfer-corrections can be used to compensate for a variety of 

differences between the calibration block and test piece.  Since most standards allow that transfer values less than 2dB 

may be ignored, the effect of reflection losses is not likely to contribute significantly to transfer values when assessing 

for thickness variation.   

 

Modelling indicates that a calibration block of mid-range thickness can provide sensitivity settings over the 

working range of a large span of thicknesses of test pieces.   

 

Since sensitivity variations are likely to be so small as to be un-noticeable, practical considerations can be used 

for sensitivity calibration block selection.   

 

For example, using a thin calibration block to set sensitivity for thicker plate can result in extra signals due to 

mode conversions at long soundpaths as the beam diverges and mode-converts.  Selecting a very thick block 

may minimise beam boundary effects but thicker blocks are also heavier blocks and not very portable.   

 

Another consideration for the ability to use calibration blocks that need not be closely matched to the thickness 

of the test piece is the application of the automatic TCG (time corrected gain) for phased-array setups.  Operators 

have found setting TCG easiest when they can use a block that has well spaced holes and no interfering 

reflection paths.  This permits the probe to be drawn over a SDH such that each beam peaks on just the selected 

hole for that TCG point.  A block design similar to that in Figure 6 facilitates this conveniently.  

 

 
Figure 6 Custom designed sensitivity block for automatic TCG feature of phased-array 

systems 

 



 7 of 7 

 

 

Conclusions and Comments 

Use of a small selection of block thicknesses to cover a large range of test component thicknesses is relatively common 

in industry.  ASME Section V uses only 4 thicknesses to cover the entire range of pressure vessel plate thicknesses 

(even to wall thickness greater than 100mm).  ASME calibration blocks also reduce relative sensitivity with increasing 

thickness by using larger SDH diameters for thicker plates (although the effect of increased hole diameter in ASME 

makes very little practical difference in actual sensitivity).  This is demonstrated by the table in Figure 7. 

 

 

Figure 7 ASME V Art. 4 FIG. T-434.2.1 NON-PIPING CALIBRATION BLOCKS 

EN ISO 16811:2014 makes similar provision to permit a range of thicknesses be inspected using a single 

thickness of calibration block.  (Note EN 583-2:2001 is withdrawn and replaced by EN ISO 16811:2014). 

 

In EN ISO 16811 paragraph 6.2.1 states: 

 

The DAC reference block shall be either: 

1) a general purpose block of uniform low attenuation and specified surface finish, and having a thickness within 

± 10% of the test object; or 

2) a block of the same acoustic properties, surface finish, shape and curvature as the test object. 

 

In the case of type 1, correction for any differences in attenuation, curvature and coupling losses 

may be necessary before the Distance Amplitude Curve can be directly applied. 

 

The note following the two options in 6.2.1, advises about attenuation correction.  It is apparently making 

provision for users to have a flat generic calibration block that could be used as a reference where other alloys 

and test components with curvature are tested.   

 

The items 1) and 2) have particular differences.  

 

Item 1) is indicated as a “general purpose block”.  There is no requirement for it to have the same acoustic 

properties, surface finish and shape (including curvature) as the test object.   

 

Item 2) describes the required block as having the same acoustic properties, surface finish, shape and curvature 

as the test object.  Clearly, it is not imposing the provision that thickness must be within the same tight (10%) 

tolerance imposed in item 1).  

 

EN ISO 16811 does not state that BOTH conditions must apply.  It gives the user the option to use whichever 

item they chose.   
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Further provisions are made in EN ISO 16811: 

• For scanning on convex surfaces the probe face shall be contoured when the diameter 

of the test object, Dobj,is below ten times the width of the probe shoe, wps:  

(Dobj < 10wps) 

• For range setting, reference blocks shall either have a sound velocity within ± 5 % of 

that of the test object, or correction for the velocity difference shall be made. 

• Sensitivity setting by the Distance Amplitude Correction (DAC)-technique is to use 

the echo heights from a series of identical reflectors (e.g. side-drilled holes or flat-

bottom holes) at different sound path lengths in suitable reference blocks. 

• 6.3.1 states that it should be noted that there are minimum sound path lengths below 

which signals cannot be satisfactorily evaluated due to e.g. dead zone effects or near 

field interference. 

 

Provided that the blocks are flat, the losses due to reflection should be considered small over a practical range.  

Modelling indicates there is no significant loss due to plate reflections and therefore calibrating on a 20mm or 40mm 

thick block makes no practical difference. 

A calibration block that is excessively thin will result in multiple losses that, over an extended range, will produce over-

compensation for attenuation.  

A calibration block that is thicker than the test piece would result in a slightly less sensitive correction than a calibration 

block of thickness that is identical to the tested component.  However, the traditional transfer value derived by a pitch-

catch configuration should provide a suitable compensation for the difference.  

It may be concluded that calibration DAC curves may be constructed without significant concern for block thickness.   

 


