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Abstract 

Reference reflectors for ultrasonic inspection are used to establish test sensitivity. They are 

specified in the applicable codes or standards. For angle beam testing, the reference reflector can 

be notches or side drilled holes. Measurements taken in the 40-70 degree range show differences 

with large variation in reflected amplitude from the notch. The notch produces a high amplitude 

signal at 45 degrees and abruptly drops past 50 degrees. A high signal from reference reflector 

means, low required reference gain, and therefore low inspection sensitivity. When comparing 

the notch with side drilled holes, the reflected amplitude from side drilled hole was lower, with 

notable difference at 45 degrees. These differences directly affect sensitivity and thus the 

inspection results. Therefore, selection of reference reflector type and inspection angle can make 

a significant difference in inspection sensitivity.  

 Keywords: ultrasonic testing, weld inspection, piping, calibration, angle beam, shear wave, 

piping calibration, notches, side drilled holes, SDH, refracted angle, sensitivity. 

1. Introduction 

Two common reference reflectors used in angle beam testing are notches and side drilled 

holes. These reflectors establish the reference gain against which the inspection is 

conducted. The gain required to obtain 80 % full screen height signal from the reference 

reflector is called reference gain. A reference reflector that requires higher gain to 

achieve 80% FSH will mean higher inspection sensitivity compared to a reflector that 

requires lower gain to achieve 80% FSH level. Once set, reference gain defines the 

sensitivity of the inspection. The higher the gain, the higher is the inspection sensitivity. 

This gain defines key test levels for inspection namely: evaluation level, recording level 

and reject level. Any change in reference gain directly affects these test levels. A 

comparison in reference sensitivity was made between a 10 % of thickness notch and 2.4 

mm diameter side drilled holes (SDH) in a 19.1 mm (¾ inch) thick reference block. 

 

2. Phased Array - 40 to 70 degree 

A comparison of reference gain for the two reflectors at three refracted angles would 

require three conventional angle beam probes. To cover the range of interest, a single 

phased array probe was used. Tests were done with a 5 MHz, 16 x 0.6 mm  
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(9.6 mm aperture) phased array probe with sweep angle range of 35 to 75 degrees. Data 

on the notch was taken at ½ vee. Data on the SDH was taken at 3/8 vee and 5/8 vee, and 

averaged to compare with the ½ vee notch signal. The results of measurements on the 2 

mm notch (10 % of thickness) vs 2.4 mm diameter side drilled hole are shown in Table 1. 

The table provides the signal amplitude for a range of angles with the two reflectors - 

notch vs SDH. Data for the two reflectors are plotted in Figure 2 

The results are quite interesting. First, the results clearly show that the two reflectors 

result in different sensitivities. Second, the result shows that the sensitivity difference 

between the notch and SDH is neither constant nor proportionate, but varies with 

refracted angle. The notch produces a larger signal in the 40-50 degrees range. At 45 

degrees, the difference is 12 dB. This means in order to achieve the same amplitude, the 

reference gain with notch at 45 degrees will be 12 dB lower than with the side drilled 

hole. Thus, inspection done at 45 degrees using a 10% notch would be 12 dB less 

sensitive than side drilled hole.  Furthermore, the result shows that the difference in 

sensitivity reduces with refracted angle. The sensitivity difference at 60 degrees drops to 

4.6 dB. The sensitivity difference at 70 degrees is 2.1 dB.  

The results also show that between 45 and 60 degrees the reflected amplitude from the 

notch drops from 84 % to 34 % or 8 dB. This means with a notch reference, the 

inspection sensitivity at 45 degrees would be 8 dB lower than at 60 degree.  

3. Discussion of Phased Array Results 

Figure 2 shows that the notch produces a much higher reflection as compared to a SDH 

between 40-50 degrees. The difference in the amplitude is 12 dB at 45 degrees. Beyond 

45 degrees, the notch signal rapidly declines and at 60 degrees is only 4.6 dB higher than 

the SDH. The amplitude variation across the range of angles with the SDH is more 

uniform. 

 

The rapid decline in reflected signal amplitude from notch is explained in Figure 3. 

Between 40 and 50 degrees, the notch is a perfect corner reflector as shown in Figure 3 

(a); all the incident sound is reflected. At a refracted angle of 56.8 degrees, the incidence 

angle on the notch face is 33.2 degrees, or the first critical angle. For refracted angles 

higher than 56.8 degrees, the beam splits and there is reduced shear wave reflection. At a 

60 degree refracted angle, the incident angle on the notch face is 30 degrees. As per 

Diagram 1, “Reflection at free boundary of steel”, in Appendix of Krautkramer and 
Kraukramer (1), the reflection coefficient at 30° incidence is 0.14.  At a 70 degree 

refracted angles, the incident angle on the notch face is 20 degrees. The reflection 

coefficient of shear waves at 20° incidence is 0.53. This mode conversion explains the 

sharp drop in notch signal reflection at 60 degrees and higher.  
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Figure 1. Piping reference reflectors (a) 10 % notch at ½ vee (b) side drilled holes 

showing the 3/8-vee and 5/8-vee measurements 

Table 1. Amplitude measurements of 10 % notch vs. 2.4 mm diameter side drilled hole. Block 

thickness is 19.1 mm. Data on SDH was taken at 3/8-vee and 5/8-vee and averaged. Phased 

Array probe is 5 MHz, 16 x 0.6 mm. Instrument Omniscan MX2 Gain -14 dB. 

Angle Notch - 

10% @ ½ 

vee 

SDH @ 

3/8 vee  

SDH @ 

5/8 vee 

SDH - 

Average of 

3/8 vee and 

5/8 vee 

dB difference 

between 

notch and 

SDH 

40° 82% 22% 16% 19%  

45° 84% 22% 20% 21% 12 dB 

50° 84% 24% 23% 23%  

55° 66% 26% 22% 24%  

60° 34% 22% 18% 20% 4.6 dB 

65° 21% 22% 14% 18%  

70° 19% 18% 12% 15% 2.1 dB 
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Figure 2. Amplitude measurements on 10 % notch vs. 2.4 mm diameter side drilled hole. 

Block thickness 19.1 mm. Phased Array probe is 5 MHz, 16 x 0.6 mm. Gain - 14 dB. 

 

Figure 3. Reflection from notch (a) total reflection of shear wave at 45 degree incidence (b) 

mode conversion on notch with a 60 degree shear wave probe. Incident angle of shear waves on 

notch face is 30 degrees. S is shear wave, L is mode converted longitudinal wave. 
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4. Conventional Probe - 45°, 60°, and 70° 

Tests were done with a 2.25 MHZ, 9.5 mm probe by mounting on 45°, 60° and 70° 

wedges. Instrument gain was adjusted to set the amplitude from the notch to 80 % full 

screen height (FSH); This is the reference gain and shown in table 2. The table shows 

reference gain of 42 dB at 45 degrees vs 50.4 dB at 60 degrees.  This is a clear drop in 

sensitivity of 8.4 dB at 45 degree. 

 

Comparing Phased Array and conventional probes, the dB differences for the three angles 

of 45, 60 and 70 degree are of the same order: higher at 45 degrees and lower at 60 and 

70 degrees. 

 

Table 2. Amplitude measurements on 10 % notch vs. 2.4 mm diameter side drilled hole 

using conventional shear wave probe. Block thickness is 19.1 mm thick plate.  Probe is 

2.25 MHz, 9.5 mm diameter with three replaceable wedges 

 45° 60° 70° 

Reference Gain -  

Notch at 80% FSH 

42 dB 50.4 dB 59.6 dB 

Notch 80 % 80 % 80 % 

SDH @ 3/8 vee 28 % 68 % 57 % 

SDH @ 5/8 vee 20 % 54 % 50 % 

SDH – ½ vee 24 % 61 % 53.5 % 

dB difference between 

notch and SDH at ½ 

vee 

10.5 dB 2.3 dB 3.5 dB 

 

5. Discussion of Conventional Angle Beam Probe measurements 

Two key observations can be made from the data taken with conventional shear wave 

angle beam probes 

 

First, the gain required at 45 degrees to obtain 80 % signal from notch is much lower than 

at 60 degrees. An 8.4 dB higher gain is required at 60 degrees to compensate of for the 

loss of signal due to mode conversion, as shown in Figure 3. This means that a 45 degree 

examination done using a notch as a reference reflector will be less sensitive than a 60 

degree examination. Therefore, when using a notch reference, higher sensitivity will be 

achieved at 60 degrees. 

 

A second observation is that amplitude difference between the notch and SDH of 10.5 dB 

at 45 degrees is much larger than 2.3 dB difference at 60 degrees. This finding is 

significant, as it shows selection of a reflector can make a difference in inspection 

sensitivity. Overall, it shows a large difference in sensitivity at a refracted angle of 45 
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degrees with relatively small difference at 60 and 70 degrees.  

 

6. Conclusions 

Two reference reflectors, a 10% notch and a 2.4 mm SDH were compared for shear wave 

refracted angles from 40 to 70 degrees. Tests done on 19.1 mm calibration block showed 

clear difference in examination sensitivity between the two reference reflectors. 

Compared to the SDH, the notch produces a larger reflection at 45 degrees and therefore 

lower examination sensitivity. The signal from notch drops at 60 degrees. At 45 degrees, 

the notch sensitivity was 10.5 dB lower than SDH. At 60 and 70 degrees, the difference 

between notch and side drilled hole was 2.3 dB and 3.5 dB respectively. The two 

reference reflectors will therefore result in examinations with different examination 

sensitivities. 

 

Another finding is that when using notch as a reference reflector, the sensitivity at 45 

degree would be 8 dB lower than at 60 degrees. With SDH, there is practically no change 

in sensitivity between 45 and 60 degree angles. The SDH signal produces more uniform 

sensitivity across the inspection angles of interest. 
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