
Canadian Acoustics / Acoustique Canadienne 19(1)25-31 (1991) Technical note / Note technique

NON-DESTRUCTIVE TESTING VIA STANDARD LABORATORY
TEST EQUIPMENT

William Rynone and Antal Sarkady 
Electrical Engineering Department 

U.S. Naval Academy 
Annapolis, Maryland 21402

ABSTRACT

Non-destructive testing research involving ultrasonics is being pursued at the United States Naval 
Academy under the sponsorship of the David Taylor Naval Ship Research and Development Center. 
Specifically, efforts to improve various aspects of testing, the equipment used and software developed, are 
addressed in this article. Particular emphasis is placed upon the software and the problems that were 
overcome in using a digitizing oscilloscope and computer made by different manufacturers.

SOMMAIRE

Des recherches portant sur des essais non-destructifs et utilisant des ultrasons sont menées à l'Académie 
Navale des Etats-Unis sous l'égide du Centre David Taylor de Recherche et Développement en 
Construction Navale. Les efforts poursuivis pour améliorer les divers aspects des tests, l'équipment utilisé 
et le logiciel développé sont traités de manière spécifique dans cet article. Un accent particulier est mis sur 
le logiciel et les problèmes qui furent résolus en utilisant un oscilloscope digital et un ordinateur fabriqués 
par deux companies différentes.

N um erous applications require that a pulse be 
detected in background noise. R adar and Sonar 
are com m on examples. Ongoing ultrasonic 
research uses the basic principles o f  sonar to detect 
flaws in materials w here non-destructive  testing is 
a necessity. Exam ples are qualify ing the hulls of 
deep diving subm ersibles (nuclear subm arines and 
research bells) and testing of nuclear reactor 
containm ent vessel walls. A nother m ethod of 
n on-destructive  testing is the use o f  X -R ays. This 
m ethod is expensive due to both the initial capitol 
investm ent plus the additional cost o f perform ing 
laborious m easurem ents. The m easurem ent costs 
are exacerbated by the removal o f  most workers 
from  the local area while the X -R a y  equipm ent is 
in operation. X -R a y  testing is best suited to the 
detection of voids in  solids. D etection of small 
cracks is best done w ith  ultrasonic testing.

Continuous research is being perform ed at the 
Naval A cadem y in the use o f ultrasonics to either 
supplem ent or replace the use of X -R ays  as a 
m easurem ent tool. This sonar type o f  hardw are 
may typically consist o f  an ultrasonic transducer 
m ounted on a pair o f  rails that are attached to the 
hull o f a ship or some other test specimen. This

assembly and the ob jec t to be tested are then immersed 
an ultrasonic conducting m edium  such as water. The 
transducer is then m oved on the rails in close 
proxim ity to the test ob jec t’s surface e ither in a steady 
lateral direction or in short lateral increments. 
Whether this controlled m ovem ent is continuous or in 
steps depends prim arily  on w hether the re turned 
ultrasonic pulse is discernible w ith in  the background 
noise. Background noise is added to the re turned  pulse 
either by the random ly oriented crystalline structure of 
the test specimen (a form  o f  synchronous noise) or by 
local am bient noise source (asynchronous noise - 
am plifier therm al noise, welding, etc.) Asynchronous 
noise is more readily rem oved by statistical processing 
o f the data. If  the pulse is "buried" within the random 
noise, it may take many transm itted  pulses at one test 
fix ture  location to "dig the pulse o u t-o f  the mud."

As better perform ance transducers evolve, the 
hardw are design o f  the detection  electronics, the 
com puting hardw are and softw are and the hardw are 
used to display the collected data  m ust also change 
accordingly.

In 1987, research efforts  that included the mating 
together o f  some "off-the -she lf"  hardw are to perform
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a detection and display operation were 
implemented. The basic system consisted o f  a 
noise source, pulse generator and mixer supplying 
a signal to an oscilloscope. This signal was 
digitized by the scope and the data points were 
then sent over the IEEE -488 bus to a computer 
(see Figure 1). From the computer,  the data were 
then sent over the IEEE -488 bus to a printer.

After  the scope-com pute r -p r in te r  section was 
made operational, the noise source and pulse 
generator were replaced with a transducer. In this 
configuration, the transducer was m ounted above 
a glass plate submerged in water and a reflection 
was detected at both plate surfaces. Two general 
approaches could have been used to detect the 
pulse in either test configuration.

First, the averaging capability of  the Tektronix 
2430 oscilloscope can be utilized. In this mode of 
operation, the scope is p rogram m ed to accept up to 
256 samples of 1024 data points, 
average the data points that have been 
digitized by its flash converter, and send these 
data to the H ew lett-Packard  9000/300 
computer. A sub-program  then produces data that 
is plotted by the H ew lett-Packard  2932A printer.

A second approach is to use the scope to digitize 
the waveform but not average the values. In this 
mode of operation, each incoming pulse and its 
associated noise are immediately digitized and 
passed on to the computer. At the computer, a 
cross-correlation routine is used to extract the

pulse from the noise. Originally it was felt that this 
powerful com puter could extract the pulse from the 
noise more rapidly than the scope could perform  the 
averaging function. Both modes o f  operation were 
examined. Various software configurations were 
tested to examine the time required to complete the 
acquisition, transmission and display (or printout) task. 
Using the scope to perform  the averaging function 
yielded the faster overall processing time. Data 
acquisition o f  a single plotting point consisting of 256 
"pings" per location, the averaging o f  the data by the 
scope, transmitting the averaged data to the computer 
and finally the plotting of the point required an 
approximate time of 0.6 seconds.

This article provides some of the coding that was 
developed and describes the "pitfalls" that were 
encountered. For example, the computer-scope 
in terface requires that the End Or Identify  (EOI) 
status switch be set (manually) as opposed to use of a 
simple line feed (LF) recognition command.

Also the scope fron t panel switch settings and scale 
factors (volts per centimeter, seconds per centimeter) 
are transmitted from  the scope to the com puter in a 
single ASCII string. This string must be included in 
the plotting sub-program  and accurately transmitted to 
the prin ter  to enable correct scale factors to be printed.

Structured programming, wherein each m ajor task, 
such as interrogating the scope or plotting the data 
points, is written as a sub-program . With a library of 
sub-program s, new research tasks can be solved more 
readily.

Figure 1. E quipm ent schematic.

Before operation, the IEEE -488 bus address for each 
device must be established. Most H ew lett-Packard  
programmable test equipm ent contains rear panel 
m ounted dip switches. One of the functions of these 
switches is to enable the user to set the address of the 
unit. The Tektronix  2430 oscilloscope address is set as 
a second level setting from  a scope fron t  panel switch. 
For each of the enclosed sub-program s, the scope 
address used was "30" or more completely "730".

For the waveforms shown in Figures 2 through 7, the 
following descriptors are used:

f rom  Figure 3...

"1 Sep 1988, 12:14:52" => Date and time that the 
data was acquired.
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5 f = 5  MHz, N t s = 1 0 2 4, R a n g e = - . 7 4 7 5 2  in  
ECHO WRVEFORM o f  ECHO N=1 NN

X— 19 . 6  V=.0i

Figure 2. Signal With No Noise.

"sf = 5 
Tektronix 2430 
incoming data.

MHz" => Rate at which the 
Oscilloscope is sampling the

"Nts = 1024" => Number of equally spaced 
(in time and spatially for the scope raster display) 
of eightbit sample points used by the Tektronix 
Scope.

"Range = -.74752 in" => With the outgoing 
energy pulse as a reference, the "range" represents 
the distance from the beginning of the trace to the 
left hand edge of the waveform portrayed on the 
screen.

"Echo waveform of ECHO-N=256-WN" => 
"Echo-N"is name of file where data representing

5f=100 MHz. Nts =1024, Range= 
ECHO WAVEFORM of ECHO N=1

the 256 individual points to be averaged at a specific 
location on the displayed waveform, is stored.
Figure 2 is a computer generated printout of a series 
of captured transmitted, reflected and received 
ultrasonic waveforms. The burst shown on the left of 
the waveform, is the outgoing "ping" from the 
transducer. The second burst (on the right) is the 
captured received waveform. It should be emphasized 
that although the waveforms shown appear to be 
singular, they are representative of the result of the 
scope’s averaging of 256 bursts. Of course, when there 
is noise present, the more outgoing bursts that are 
employed, the more well defined the portrayed data 
will be. Figure 3 is an expanded view of the captured, 
received waveform of Figure 2 using the delayed 
trigger oscilloscope mode and an increased sampling 
rate of 100MHz.

2.E53536 
NN

l n

X=91.37 . 014

TIME in u sec.

Figure 3. Expanded view of received pulse.
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5 f = 5  MHz, N t s = 1 0 2 4 ,  R a n g e  = - . 7 4 7 5 2  i n  
ECHO WRVEFORM o f  ECHO N=1 WN

- 2 . 5 6 E + 0 1 + 2 . 0 4 G E + 0 1  / L g .  D i v
TIME i n  u s e c .

X=-19.8 Y=.0?

Figure 4. Outgoing and incoming pulses with noise.
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Figure 4 is similar to Figure 2 with the exception 
that the com puter prin tout is displaying both the 
captured, transmitted and received waveforms 
along with noise that has been deliberately 
in troduced into the system. The purpose of the 
in troduced noise is to stimulate the actual 
operating conditions under which a transducer may 
be employed. For the data displayed in Figure 4, 
the ratio of the peak transmitted "ping" signal 
(measured in volts-peak) to R.M.S. noise is 
approximately 0.3, i.e. V sp /V N  R.M.N. 0.3.

Figure 5 is a com puter generated prin tout of  the 
captured  , received waveform. The time scale has 
been expanded considerably. We note that with the 
num ber o f  samples taken and the undesirable signal to 
noise ratio, the received signal is still discernable.

Figure 6 and 7 are the results o f  repeating the 
experimental procedures of  Figures 4 and 5 with the 
excception that the sccope has been program m ed to 
sample, store, and average the data from  the 256 
waveforms before forw arding these data to the 
somputer for curve plotting.

5f=100 MHz, Nts=102 4 , R a n g e = E . 5 5 3 5 3 5  i n  
ECHO WRVEFORM o f  ECHO N = 1 WN

X=91,37 Y=,Q22

Figure 5. Expanded and received pulse with noise.
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5 f = 5  MHz, N t s  = 1 02-1, R a n g e = - . 7 4 7 3 2  i n  
ECHO WAVEFORM o f  ECHO N =25G WN
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Figure 6. Averaged transmitted and received pulse.

We note that that the s ignal-to-noise ratio has 
improved by a factor o f  256 as compared with data 
displayed in Figures 4 & 5. The reflected wavelets 
can now be distinguished within the residual noise.

To assist any reader who may be contemplating a

similar interconnection of a Tektronix  2430 oscillo­
scope to a H ew lett-Packard  9000\300 computer,  the 
following programming subroutines are provided. This 
code was written in H ew le t t-Packard  BASIC. The 
name given to the subroutine perform ing  the transfer 
o f  the data from  scope to com puter  is "Rb__scopel."

5f= I 00 MHz. Nts=I 024| Range=2.65 9 536 in 
ECHO WAVEFORM of ECHO N=256 WN

TIME in u sec.
X=91.53 Y=.018

Figure 7. Expanded presentation of averaged, received pulse.
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1 0  SUB R b _ s c o p e 1 ( Y d a t ( * )  , H p , T o n , T i n c )
2 0 !
3 0 ! Y d a t  ( * )  = CHAH.  # 1  UOL.TAGE DATA ARRAY
4 0  ! N p = N u m b e r  o f  s a m p l e  p o i n t s  DATA FORMAT I S  B I N A R Y
5 0 ! T o n = ONS E T  T I M E  o f  t h e  w a v e f o r m  i n  s e c ,  MEASURE FROM t h e  T R I G G E R
6 0 i T i n c  = T i m e  b e  t  we  e n  s a m p l e  p o i n t  s
7  0 !
8 0 !
9 0 AL L OCAT E  UJ $ 1 1 6  0 ] , H $ I 8  0 ] . T $ f. 8  0 ]
1 0 0  I N T E G E R  I , J , K , D l e n  
1 1 0  !

1 2  0 A S S I G N  (?) S c  o p e  TO 7 3 0 ;  FORMAT ON ! S Y M B OL I C  A D D R E S S  FOR T E K .  2 4 3 0  S C O P E
1 3  0 !

1 4 0  ! I N I T I A L I Z E  THE S C O P E
1 5  0 !

16  0 CLEAR [ i J S c op e
1 7 0  OUTPUT ( i J S c o p e  " D E B U G  ON"
1 8  0 OUTPUT f S c o p e j " DATA E N C : A S C "  ! G P I B  FORMAT I S  A S C I I
1 9  0 OUTPUT © S c o p e  " DATA S O U R C E :  C H I "  ! S E L E C T  CH.  # 1  FOR DATA S C U R C E  
2  0 0 !

2 1 0  !

2 2  0 OUTPUT | i ) S c o p e  "DL.YT D E L :  O F F "
2 3  0 OUTPUT g l S c o p e ;  " DLYE MOD : O F F "
2 4 0  !
2 5 0 O U T P U T :ïi S  c o p e  ; " P A T  H O N 1 '

2 6 0  OUTPUT j l l b c o p e  ; " UFMV " ! R e t u r n s  s c o p e ,  s w i t c h  s e t t i n g s  t o  c o m p u t e r  
2 7 0  ENTER R S c o p e  UJ *
2 8  0 !

2  9 0 X = P O S ( UJ* . " X I NCR : " )
3 0 0 X= X ♦  6
3 1 0  X s = P O S  < UJ $ , ” . Y MULT : " )
3 2  0 X a  $' = UJ $ [ C X ) ; ( X s  -  X > 3
3 3  0 T i n c » UALC X a $ > ! T 1 ME I N T ER UA L BETWEEN SAMPLE PO I N T S  

3 4 0  !
3 5  0 Y = P O S  ( , " YMULT : " )
3 6  0 Y a  $ = UJ$.[ C Y + 6 ) ; 8  1
3 7 0  Yrnu 1 1 = UAL ( Y a $ ) ! Y S C A L E  FACTOR TO CONUERT SAMP LE UALUS E TO UOLTS 

3 8  0 !
3  9 0 Yo f  = P O S  ( UJ $ , " YOFF : " )
4 0  0 Yo f  e  = P O S ( UJ $ , " , YUN I T : " )
4 1 0  Yo f  f  $ =  UJ $ [ < Yo f  + 5 ) ; < Yo f  e  -  ( Yo f  + 5  ) ) ]
4 2  0 Yo f f  = UAL CYo f  f $ )  ! UALUE Y O F F S E T  DUE TO P O S I T I O N  KNOB

4 3  0 !
4 4 0  T = P O S  < UJ $ , " P T . O F F  : " )
4 5  0 Te  n d = P O S C UJ $ , " , P T  . FMT : " )
4 6 0  T r  $ = UJ $ t CT + 7 )  ( T e n d - C T  + 7 )  ) ]
4 7 0  N t r i g = I  N T ( U A L C T r $ ) )  ! MARKING THE L O C A T I O N  OF T R I G G E R  IN MEMORY

4 8  0 !
4 9  0 OUTPUT g S c o p e : " PATH O F F "
5 0 0  OUTPUT g S c o p e ; " D L Y T ?  DLY1 "
5 1 0  ENTER ( i J S c o p e  ; T * ! DELAY UALUE IN S E C .

5 2  0 !
5 3 0 OUTPUT g)Sc o p e  " HOP ? MOD "
5 4 0  ENTER ( jOScope ; H $  ! S WEEP MODE
5 5  0 OUTPUT | i ) S c o p e  ; " PATH ON"
5 6  0 !
5 7 0  T o n  = - N t r î q *  T i n  c
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5 8 0  
5 9  0 
6 0 0  
6 1 0  
6 2  0 
6 3  0 
6 4 0  
6 5 0  
66 0

I F  H$ = "BSIaIEEP"  THEN T o n = U A L ( T $  ) - N t  r  i g * T i n c  ! I F  IN DALAY S EE P  ADD TH
I

N p = 1 0 2 4  ! #  OF DATA P O I N T S  
j

! NOW BRI NG IN THE DATA 
!

N b = 1 0 3 6  ! NUMBER OF B YTESTS TO BE TRANSFERED
INTEGER Temp  <5 2  0)1 BUFFER
A S S I GN  p B u f f  TO BUFFER T e m p ( * ) JBYTE

6 7 0  RESET (S)Bu f f  
68 0 !
6 9  0
7 0  0

"DATA E N C : RI  8 "  
" C i j R U ? "
TO 7 3  0 ; FORMAT OFF

TO § B u f f ; COUNT N b f WAIT

OUTPUT |5)Scope 
OUTPUT p S c o p e j  

7 1 0  AS S I GN  f S c o p e
7 2  0 T 1 = TI MEDATE
7 3  0 TRANSFER p S c o p  
7 4 0  T2 =TI MEDATE
7 5  0 AS S I GN  |5)Scope TO 7 3  0 ;  FORMAT ON 
7 6 0  OUTPUT © S c o p e  ; "DATA E N C : A S C "  
7 7 0  !
7 8 0  ! P R I N T  " T I M E = " ; T 2 - T 1  
7 9  0 !
8 00 T3 = TIMEDATE 
8 1 0  GOSUB U n p a c k
8 2  0 T4 = TI MEDATE
8 3  0 ! PR I NT " T I M E  TO UNPACK» " T 4 - T 3  
8 4 0  !
8 5  0
8 6  0 GOTO 1 0 6  0 
8 7 0  !
88 0 !

8 9  0 U n p a c k :  !
9 0 0 X= 
9 1 0
9 2  0
9 3  0 
9 4 0
9 5  0
9 6  0 
9 7 0  
9 8 0  
9 9  0
1 0  0 0 
1 0 1 0  
1 0 2  0 
1 0 3  0 
1 0 4 0  
1 0 5 0
1 0 6  0 SUBEND

X=Yo f  f * 2 5 6  
Y = Ymu 1 t / 2 5 6  
J  = 4
FOR 1=0 TO 1 0 2 2  S T E P  2 
Yd a t ( I ) = Y * ( S H I  FT CTe m p ( J ) , - 8 ) - X ) 
J-J + l 
NEXT I 
j

0 = 5
FOR 1=1 TO 1 0 2 3  STEP 2 
T e mpC J )= ROT ATE(Temp(J ) ,8)
Yd a t  ( I ) = Y * ( S H I F T ( T e m p ( J ) , - 8 ) - X ) 
J = J  + 1 
NEXT I 
!

RETURN
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Rion's new NA-29 
provides unusual 
capabilities for 
a pocket-size 
acoustical 
analyzer 
weighing only 
2.2 lbs. It's 
displays include:

□  Lmax, Ln, Lavg, Leq.

□  Sound level in large digits.

□  Real-time octave analysis centered 
31.5 Hz. through 8000 Hz.

□  Level vs. time, each frequency band.

□  1500 stored levels or spectra,

□  Spectrum comparisons.

It also features external triggering, AC/DC outputs, 
and RS-232C I/O port. A preset processor adds 
additional versatility for room acoustics and HVAC 
applications. To minimize external note taking, 
users can input pertinent comments for each 
data address. Specify the NA-29E for Type 1 
performance or the NA-29 for Type 2.

Our com bined distribution o f Norwegian 
Electronics and Rion Company enables us to 
serve you with the broadest line o f microphones, 
sound and vibration meters, RTAs, FFTs, graphic 
recorders, sound sources, spectrum shapers, 
multiplexers, and room acoustics analyzers, plus 
specialized software for architectural, industrial 
and environmental acoustics. You'll also receive 
full service, warranty and application engineering 
support. Prepare for the ’90s.

!-------  *  Call today. (301 ) 279-9308

A A / SCANTEK INC
M  W  W  Norwegian Electronics • Rion 

1̂ 5 1  Monroe Street, Suite 1606* Rockville, MD 20850

PALM SIZE 
FFT

Amazingly smaller 
and lighter than a  

lap-top

Our new SA-77 FFT Analyzer is a 
true miniature. Yet it is very big 
in capability.

• 0 -1  Hz to 0 -  50 kHz.

• Zooms to 800 lines.

• FFT, phase and PDF analysis 
and time waveform.

• External sampling for order 
analysis.

• Stores 150 screen displays 
plus 30K samples of 
time data.

• Single/double integration 
or differentiation.

• Arithmetic/exponential 
averaging or peak-hold.

• Built-in RS-232C.

• 84 X 4 s X l 2  inches.

• 23 ounces.

Call today. Discover how much 
noise, vibration and general 
signal analysis capability you 
can hold in the palm o f your 
hand. And a t how reasonable 
a cost.

•

/ K #  SCANTEK INC.
•  W W Norwegian Electronics • Rion

51 M onroe Street, Suite 1606 
Rockville. MD 20850 • (301)279-9308


