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INTRODUCTION 

Cracked bases have been found on loaded 155-imn M483A1 projectiles (fig. 
1). A nondestructive inspection technique is needed to screen the involved por- 
tion of stockpile. Ultrasonic inspection provides the best capablity for 
inspecting bases that are still attached to loaded projectiles. 

Initial ultrasonic inspection revealed unexpected reflection signals (called 
"adapter signals") coining from the forward surface of the base. These signals 
occurred where the adapters firmly pressed a shim against the forward surface of 
the base (fig. 2). These reflection signals can mask the presence of cracks 
(fig. 3). Reduction of amplitude of adapter signals relative to crack signals is 
needed for reliable ultrasonic inspection. 

Seven ultrasonic inspection parameters were investigated for their impact 
upon the ultrasonic echo signals. In addition, the advantage of the use of dual, 
offset, ultrasonic inspection transducers is displayed. 

METHOD OF ATTACK 

The following parameters were investigated to determine their influence on 
crack signals versus adapter signals. 

1. Angle-of-refraction of shear wave 

2. Frequency of transducer 

3. Filtering of echo signal 

4. Tuning of receiver signal 

5. Frequency bandwidth of ultrasound pulse 

6. Focusing of ultrasound pulse 

7. Direction of ultrasound pulse 

INVESTIGATION 

General 

Ultrasonic laboratory scanners at ARRADCOM are not deep enough to accept a 
full-sized M483A1 projectile standing on its nose. Therefore, only the rear 
portion of a projectile body was used. This assembly was made by cutting off the 
rear of a projectile body and welding it to a plate. The plate provided a means 
for retaining the contents as well as sealing the assembly.  Inert grenades. 



adapters, and shims were loaded into this assembly; and base CMC/KAAP 54 (con- 
taining a known crack) was tightened down to the proper torque (fig. 4). The 
resulting simulated projectile easily fit into the tank of the laboratory scan- 
ner. 

The simulated projectile was centered on the turntable of the laboratory 
scanner. Water was placed inside the rear cavity of the base to act as a cou- 
pling. Ultrasonic data were recorded from both adapter signals and crack signals 
under many different conditions. 

Four locations on the base were selected for monitoring. Two of these loca- 
tions were where the adapter signals were most intense; the other two were where 
the crack signals were greatest. (The distribution of adapter signals is called 
"pressure patterns.") For the various conditions imposed, peak ultrasonic sig- 
nals were recorded from these four locations. Several of the parameters were 
evaluated, one at a time, and data were recorded (table 1). 

For each condition, an ultrasonic C-scan was made of the cracked base (which 
was part of the simulated projectile). The four prominent locations were identi- 
fied on each C-scan, and their signal strengths were recorded. That is, the gain 
setting of the flaw detector was recorded when each signal was 50% of screen 
height.  Thus, stronger signals have lower gain setting readings. 

An S-80 Reflectoscope ultrasonic flaw detector was used, together with a UI- 
450 Laboratory Scanner.  The water tank was kept dry. 

Parameters 

Angle-of-Refraction of Shear Wave 

Prior work had revealed that optimum sensitivity of detection and clar- 
ity of detection were produced by a 39 degree angle-of-refraction shear wave. 
These optimum sensitivities had been achieved with a 5.0 MHz, 6.4 mm (0.25 in.) 
diameter, flat lensed transducer. Since other transducers (both focused and 
unfocused) were to be investigated, refraction angles ranging from approximately 
35 to 55 degrees were tried. 

Frequency of Transducer 

A peak frequency of 5 MHz is popular for the ultrasonic inspection of 
aluminum. In this investigation, both 5 MHz and 10 MHz peak frequencies were 
evaluated. 



Filtering of Echo Signal 

The S-80 Reflectoscope permits the filtering out of high frequency com- 
ponents from the received echo signal. The filter switch has four settings—off, 
1, 2, and 3. The higher the numbered setting, the greater the filtering of the 
echo signal. 

Tuning of Receiver Signal 

The S-80 Reflectoscope permits tuning of its receiver for specific fre- 
quencies of interest; that is, the echo signal is filtered above and below the 
spectrum of interest. In addition, no tuning can be selected by setting the 
control switch on WB (wideband). For this investigation, 5-MHz transducers were 
evaluated at a tuned setting of 5 MHz and at an untuned setting of WB. Ten-MHz 
transducers were likewise evaluated at 10 MHz and at WB settings. 

Frequency Bandwidth of Ultrasound Pulse 

The transducer determines the bandwidth of the pulsed ultrasound signal. 
Highly damped transducers emit wideband pulses of ultrasound. Relatively 
undamped transducers emit narrowband pulses. Three narrowband and one wideband 
frequency transducers were used. Two transducers of each narrow and wide band- 
width would have been preferred but what was available had to be used. 

Focusing of Ultrasound Pulse 

A far field of ultrasound naturally focuses at a certain distance from 
an emitting transducer. A lens on a transducer can bring the focal zone closer 
and make it more intense. In this investigation, both focused (spherical lens) 
and nonfocused (flat lens) transducers were used. Focal distances were 102 mm (4 
in.). 

Gain 

The minimum gain needed to detect the crack at 50% height-of-screen is 
listed for each transducer in table 2. 

Direction of Ultrasound Pulse 

Most of the data were obtained from ultrasound pulsed radially through 
the cracked base.  Near the end of the investigation, the possibility of using 



dual transducers was considered. Therefore, some data were obtained by offset- 
ting a transducer from the center of the cracked base. In effect, this offset 
gave the ultrasound pulses a slight circumferential component of movement. 

ANALYSIS 

General 

Most of the data in table 1 are plotted in figures 5 through 8. Some data 
where signal-to-noise ratios are low, such as highly filtered signals, were not 
included in these figures. 

The word "clarity" normally refers to a signal-to-noise ratio. That is, a 
clear signal is one where very little or no noise exists. In this anaysis, 
"noise" refers to adapter signals, since these signals are undesirable. There- 
fore, the plots show the ratio of crack, detection signals to adapter detection 
signals. ' 

The depth of the crack in the base was measured by use of 39 degree angle- 
of-refraction shear waves. A standard containing seven round-bottomed holes was 
used to calibrate the echo signals on the cathode-ray-tube screen of the flaw 
detector. The accuracy of calibration was within 0.5 mm (0.02 in.). The deepest 
section of crack was 1.0 mm (0.04 in.). 

The best performance (greatest clarity) was demonstrated by transducers A 
and B (table 2; figs. 5 and 6). Both of these ultrasonic transducers achieved 
clarities of 17 decibels; that is, the ratio of crack detection signal to adapter 
detection signal is 7.1:1. Close behind, with a peak clarity of 16 decibels 
(crack-signal-to-adapter-signal ratio 6.3:1), was transducer C (fig. 7). 
Finally, with a peak performance of 15 decibels (crack-signal-to-adapter-signal 
ratio of 5.6:1), was transducer D (fig. 8). 

Parameters 

Angle-of-Refraction of Shear Waves 

One of the top performances was accomplished by transducer A (fig. 5). 
Transducer A was quite selective in its shear wave angle-of-refraction. Peak 
performance occurred at a refracted angle-of-shear of 41 degrees. 

An even better shear wave angle-of-refraction was evident in the per- 
formance of transducer B (fig. 6). The peak performance occurred at a refracted 
angle-of-shear between 39 and 41 degrees. 

The other two transducers provided a more uniform level of performance 
over the complete range of angle-of-refraction of shear waves. 



Frequency of Transducer 

No relationship was established between frequency and clarity. (How- 
ever, the lower frequency of 5 MHz peak produced stronger crack echoes.) 

Filtering of Echo Signal 

Slight filtering at setting fl provided the means by which transducer B 
produced its best performance. None of the other transducers needed any filter- 
ing for peak performance. (The addition of filtering caused a need for more 
gain.) 

Tuning of Receiver Signal 

Three of the four transducers, including the two with top performance, 
depended upon tuned receiver signals for greatest clarity of crack detection 
signals. 

Frequency Bandwidth of Ultrasound Pulse 

Insufficient evidence exists to determine the influence of highly damped 
versus relatively undamped transducers on the clarity of crack detection signals. 
One of the top performing transducers had a wideband pulse, whereas the other 
three transducers had narrowband pulses. 

Focusing of Ultrasound Pulse 

Evidence fails to pinpoint the merits of focused pulses of ultrasound. 
One of the two top performing transducers was focused, whereas the other one was 
not. 

Direction of Ultrasound Pulse 

Cracks in bases are rough surfaced separations that do not exactly fol- 
low circumferential orientations. Therefore, two transducers aimed at the same 
location of a crack and slightly to the left and right of a radial position, can 
obtain echo signals which, when superimposed, should be more descriptive of the 
presence of a crack than signals from only one transducer. At the same time, 
since neither of the two transducers is aimed normal to the machining ridges on 
the forward suface of the base, superimposed signals from the adapters (noise) 
should be less than one normally aimed signal. 



C-scans were made from varying offsets, both left and right. The angle 
away from a radial position (a) varied inversely with the distance of the inspec- 
tion zone away from the center of the base (fig. 9). That is, out near the rim 
of the base, a slight offset of the transducer would cause only a small change in 
the angular setting away from a radial position. However, as the ultrasonic 
inspection region approached the center of the base, the angle from a radial 
position Increased until it finally reached 90 degrees. Any offset from a radial 
inspection position causes a circumferential inspection to occur in the base at 
the distance equal to that of the offset out from the center of the base. 

Using figure 10 as a reference, when an additional offset of the trans- 
ducer of only 1 mm (0.04 in.) was induced and another C-scan recorded (fig. 11), 
adapter signals decreased rapidly. The greatest reduction occurred toward the 
center of the base where the strongest signal (5 db on the center adapter) disap- 
peared. Further out towards the perimeter, a portion of only a 1-decibel adapter 
signal still remains. This occurrence reveals that the inspection orientation 
with the metal machining ridges on the forward surface of the base affect the 
intensity of the adapter signals. If these tiny machined ridges were not pre- 
sent, chances are that ultrasonic signals from the pressure of the adapters would 
not be a problem. Since the orientation of most deep cracks is circumferential, 
a radial crack detection position of a transducer (which will be normal to these 
cracks) is the best orientation. 

More ultrasonic C-scans at other distances of offset were produced 
(figs. 12 through 21). 

Transparencies were made of each offset-transducer C-scan and these were 
superimposed for matching offset distances. The results reveal reductions in 
both adapter and crack signals. As expected, the superimposed echo signals 
(figs. 22 through 27) maintain the size of the crack image much better than they 
maintain the image of the adapters. 

CONCLUSIONS 

1. The ultrasonic echo noise from unwanted adapter signals is greatest when 
pulsed in a radial direction. 

2. Radially oriented ultrasonic inspection with sensitivity to reveal 1 mm deep 
cracks will also reveal adapter signals. 

3. A 41 degree angle-of-refraction of shear waves was most popular (three out of 
four) for maximum clarity (crack detection signal/adapter detection signal). 

4. Tuning the receiver enhanced the clarity of three out of four transducers. 

5. The 5 MHz focused ultrasonic transducer needed at least 30 db less gain than 
the other transducers. 

6. Slight filtering enhanced the clarity of one out of four transducers. 



7. Transducer bandwldths, focusing, and frequency parameters did not demonstrate 
significant improvements in clarity. 

8. Superimposing ultrasonic flaw detection signals from dual transducers which 
are slightly angled (in order to inspect the same spot) can preserve crack sig- 
nals while diminishing adapter signals. 

RECOMMENDATIONS 

It is recommended that at least 12 cracked bases be selected for further 
investigation. These bases should include cracks of various depths and loca- 
tions. The amplitude of the crack detection signal should be compared to that of 
the maximum adapter signal. Features already proven desirable should be used in 
the future work. As part of this future investigation, the advantages of offset- 
ting a transducer should be evaluated further. 
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Figure  2.     Ultrasonic  inspection  setup  for  a cracked base 
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ADAPTER SIGNALS 
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Figure 3. Ultrasonic C-scan showing distribution of crack and adapter signals 
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Figure 4.  Simulated projectile body 

20 



16- 

12- 

_i 
LU 
CO 

O 
LU 
a 

< 

LU 
W 

o z 
6 

8- 

4- 

0- 

RECEIVER AND 
FILTER SETTINGS 

NOTE: WB 
NOISE IS PEAK VALUE 
OF PRESSURE PATTERN 

 1 1 1 
35 40 45 50 

ANGLE OF SHEAR WAVE (DEGREES) 

Figure 5.  Clarity of ultrasonic echoes from a natural crack by use of transducer 
A (5 MHz, narrowband, 19-mm diameter active element, cylindrically 
focused at 102 mm) 
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Figure 6.  Clarity of ultrasonic echoes from a natural crack by use of transducer 
B (10 MHz, wideband, 6.4-niiii diameter active element, flat lens) 
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Figure 7.  Clarity of ultrasonic echoes from a natural crack by use of transducer 
C (5 MHz, narrowband, 6.4 mm diameter active element, flat lens) 
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Figure 8.  Clarity of ultrasonic echoes from a natural crack by use of transducer 
D (10 MHz, narrowband, 19 mm diameter active element, cylindrically 
focused at 102 mm) 
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an offset  ultrasonic  beam 
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Figure 10.  Ultrasonic C-scan showing peak signals from a cracked base 
mounted in the simulated projectile body by use of a transducer 
B offset 0.5 mm to the right 
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Figure 11. Ultrasonic C-scan of cracked base mounted in the simulated projec- 
tile body by use of transducer B offset 1.5 mm to the right 
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Figure 12. Ultrasonic C-scan of cracked base mounted in the simulated projec- 
tile body by use of transducer B offset 2.5 mm to the right 
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Figure 13. Ultrasonic C-scan of cracked base mounted in the simulated projec- 
tile body by use of transducer B offset 3.5 mm to the right 
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Figure 14.  Ultrasonic C-scan of cracked base mounted In the simulated projec- 
tile body by use of transducer B offset 4.5 mm to the right 
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Figure 13.  Ultrasonic C-scan oi   cracked \,,\:,e   r^iOK^ned    in   L;K.- si::-!'.:i;-ni ;.roi,jc- 

Figure 15. Ultrasonic C-scan or cracked liase IMU^^  In the simulated projec- 
tile body by use of transducer B offset 5.5 mm to the right 
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Figure 16.  Ultrasonic C-scan showing peak signals from a cracked base mounted 
in the simulated projectile body by use of transducer B offset 
0.5 mm to the left 
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Figure 17. Ultrasonic C-scan of cracked base mounted in the simulated projec- 
tile body by use of transducer B offset 1.5 mm to the left 
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Figure 18. Ultrasonic C-scan of cracked base mounted In the simulated projec- 
tile body by use of transducer B offset 2.5 mm to the left 
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Figure 19. Ultrasonic C-scan of cracked base mounted in the simulated projec- 
tile body by use of transducer B offset 3.5 mm to the left 
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Figure 20.  Ultrasonic C-scan of cracked base mounted in the simulated projec- 
tile body by use of transducer B offset 4.5 mm to the left 
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Figure 21.  Ultrasonic C-scan of cracked base mounted in the simulated projec- 
tile body by use of transducer B offset 5.5 mm to the left 
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Figure  22.     Simulated  ultrasonic  C-scan of  cracked  base mounted  in  the  simulated 

projectile  body  by use  of   two   transducers  B  spaced   1  mm apart  and 
aimed  at  the  same  spot 
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Figure 23.  Simulated ultrasonic C-scan of cracked base mounted in the simulated 
projectile body by use of two transducers B spaced 3 mm apart and 
aimed at the same spot 

39 



Figure 24.  Simulated ultrasonic C-scan of cracked base mounted in the simulated 
projectile body by use of two transducers B spaced 5 mm apart and 
aimed at the same spot 
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Figure 25.  Simulated ultrasonic C-scan of cracked base mounted in the simulated 
projectile body by use of two transducers B spaced 7 mm apart and 
aimed at the same spot 
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Figure 26.  Simulated ultrasonic C-scan of cracked base mounted in the simulated 
projectile body by use of two transducers B spaced 9 mm apart and 
aimed at the same spot 
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Figure 27.  Simulated ultrasonic C-scan of cracked base mounted in the simulated 
projectile body by use of two transducers B spaced 11 mm apart and 
aimed at the same spot 
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