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Abstract 

Ultrasonic inspection of ring and hollow forgings is done with angle beam testing.  Calibration 

for such inspection is done on 3 % deep ID and OD notches. While the industry standard 

recommends making such notches in one the forgings, they do allow use of other blocks with the 

same composition, heat treatment, and thickness. This alternate option allows calibration blocks 

with other diameters as well as flat blocks of the same thickness. This paper shows that flat 

calibration blocks when used to inspect ring forgings can produce significant loss in inspection 

sensitivity.  For a reliable inspection, ring forging calibration blocks should not only be of the 

same thickness but also similar curvature. 

Keywords: ultrasonic testing, ring forgings, hollow forgings, forgings, A388, 3% notches, 

calibration. 

1. Introduction 

Ultrasonic inspection of forgings is done with straight beam and angle beam inspection (1). 

Straight beam inspection is quite straight forward. It is done by one of the three methods: back-

reflection technique, reference-block technique, or DGS Calibration.   

For forgings whose length exceeds 2 inches and outer diameter (OD) to inner diameter (ID) ratio 

less than 2:1, an additional inspection using angle beam is required. For example, a ring forging 

with OD of 24 inches and ID of 18 inches would require angle beam inspection. Angle beam 

calibration for such an examination is performed on ID and OD notches with a depth of 3 % of 

thickness or 0.25 inches, whichever is less. 

Typically in a forging shop, when such inspections are performed on multiple forgings, one of 

the forging is used to make calibration notches. ID and OD notches are made in this selected 

forging and it becomes a calibration block. Upon completion and inspection of all forgings, the 

notches are machined off in the calibration forging so there is no wastage of material. There have 

been cases where inspection companies propose using flat calibration blocks of the same 

thickness as the ring forging. Flat calibration blocks are easy to manufacture when extra forging 

is not available. The reflected signal amplitude from notches in the flat blocks is, however, not 

the same as from notches in a ring forging. In fact notch signal from a flat block of the same 

thickness as the ring forging can be significantly higher thereby reducing inspection sensitivity.  

This is an open access article under the terms of the Creative Commons Attribution 4.0 International 

License 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

25
35

2



2 

 

For example, if the signal from a 3% ID notch requires a gain of 40 dB to produce 80 % full 

screen height, the gain on the flat block may only be 32 dB.  This will result is a sensitivity loss 

of 8 dB. 

2.0 Curved vs Flat Calibration Blocks 

One common method proposed by users of flat blocks is to compensate for attenuation 

difference. Attenuation is, however, not the only variable that causes difference in signal level. 

There are other variables that play a larger role in the signal difference. These are (a) mode 

conversion on reflection (b) beam spread (c) attenuation. In fact, attenuation is normally the least 

of them. 

2.1 Mode Conversion and Reflection 

Figure 1 shows an example of a 24.2 inch OD x 2.9 inch thickness round forging. The figure 

compares reflection from a flat block and a ring forging with a 45° shear wave probe. The sound 

reflects from the ID surface and then from the notch surface. In case of the flat block, the 

incident and reflected angles are 45°. This is not the case for the ring forging. Because of the 

curvature, the incident angle on the ID surface of the ring forging is 68.4°. The sound then 

reflects from the notch with an incident angle of 21.6° as shown in Figure 1(d). During this 

reflection and using Snell’s Law, the sound mode converts and splits into a longitudinal wave at 

42.7° and a shear wave at 21.6°. The reflection coefficient charts in Appendix of Reference 2 

show that the shear wave reflection coefficient at 21.6° is 45 % or -7 dB. Thus more than half the 

reflected signal is lost due to mode conversion. This is not the case for sound incident at 45° on a 

notch in a flat calibration block, where all sound is reflected.  Mode conversion only starts when 

shear wave is incident on the surface with an angle less than 33.2° which is the first critical 

angle.   

Reflection from a notch also depends on the projection of reflector. The maximum reflection is 

45° incidence with a total projection of 1.4 x notch height. With an increase in incident angle to 

90°, the projection equals the height of the notch. At 0° incidence the reflection from notch is 

zero. Thus reflection at incidence angle of 68.4° will be less than at 45°.  

2.2 Beam Spread 

The second factor that produces signal loss with sound path is beam spread. In Figure 1, the 

calculated sound path to the notch in the flat block is 4.1 inches and for the ring forging is 5.16 

inches. With an increase in sound path, there is loss of signal from beam spread. Figure 2 shows 

the corresponding pressure drop in the far field of the probe from beam spread. The beam spread 

and pressure drop depend on probe size and frequency. Due to beam spread, there is a loss of 

received signal with increased sound path. With shorter sound path from a notch in a flat block, 

the signal level is higher as compared to a longer sound path in a ring forging. Beam spread 

reduces with increased probe size and higher frequencies. 
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2.3 Attenuation 

The last factor is attenuation, which is measured in dB/cm. This difference can be directly 

applied to the sound path. Attenuation is not a fixed number and increases with sound frequency 

and grain size. 

 

 

 

 

(c)       (d) 

Figure 1. Reflection of sound from a notch in a flat block vs ring forging with a 45° shear wave 

probe (a) flat block. Incidence angle on notch is 45° (b) ring forging with axial notch. Incident 

angle on notch is θi is 68.4° for the 24.2 inch OD x 2.9 inch thick forging (c) full reflection at 45° 

in a flat block (d) mode conversion upon reflection from notch in ring forging. 
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Figure 2. Beam Spread (ν) from an ultrasonic probe. D is probe size, p is pressure, d is sound 

path, N is near field (a) beam spread (b) pressure drop along beam axis. 

3.0 Test Results - Signal amplitude measurement on 3% ID notches  

Tests were done to measure the difference in reflected signal from 3 % ID notches in a 24.2 inch 

OD x 2.9 inch thick forging. Notches were machined in the circumferential and axial directions. 

The same forging was selected to make the two notches so as to have the same material and thus 

no difference in attenuation. The notch in the circumferential direction is representative of a flat 

block shown in Figure 1(a). 

Tests were done with 3.5 MHz 45° S-wave, ½ inch diameter probe. Near field is 1.74 inch. 

Table 1 shows a difference in amplitude between the two reflected signals. The signal amplitude 

difference between the two notches of the same size is 14 dB. This loss is a combination of mode 

conversion, incident angle on notch, beam spread, and attenuation from increase sound path. 

This difference of 14 dB between flat and curved calibration blocks is quite significant and 

cannot be overlooked. 

Therefore, when inspecting a round forging, the calibration block should be the same size, OD 

and thickness.  



5 

 

Table 1. Reflection from circumferential and axial 3% notches is the same forging. Forging size 

is 24.2 inch OD x 2.9 inch thick. Probe is 3.5 MHz, ½ inch dia 45° S-wave 

Material OD inch t inch Amp -Circ Notch.  Amp - Axial 

Notch. 

dB diff θi 

CS 24.2 2.9 80% @ 33.6dB 

Sound path  = 4.1 

inch 

16% @ 33.6dB 

Sound path = 

5.16” 

-14 dB 68.4° 

 

4.0 Conclusions 

When conducting angle beam inspection of rings or hollow forgings, the use of flat calibration 

blocks or calibration blocks with diameter larger than the forging results in reduced sensitivity. 

The reduction in sensitivity can be significant if flat calibration blocks are used for ring forgings.  

When a group of identical ring or hollow forgings are inspected, the preferred approach should 

be to use one of the forgings to make a calibration block with 3 % ID and OD notches. Flat 

calibration blocks with 3 % notches should not be used for angle beam inspection of ring 

forgings. 
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