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1. INTRODUCTION

Many modern Army missile systems utilize radomes made of dielectric materials for
housing sop histicated electrical ins t rumentat ion and guidance components. These radomes
are often bonded to the shell o f t he missi le structure usingspecia l glue compoundsdesi gned to

withstand the extreme conditions found in fli ght. In order that the success of a fli ght mission
be insured it has been found necessary to inspect the glue bond lines in these radomes.

M odern rad iog rap hi c tech ni ques us ing x-rays and neutron bombardment are both
expensive and often insensitive to the detection of disbonds in the missile structure.  It is
imperative that  a nondestructive techni que be de veloped for rap id low cost testing of these
st ructures.

After much investi gation it was found that acoustical testing could adequately serve this
test ing func t ion  and at a min imal  cost. This report documents  a working  system for test ing a

~ar ie t v  of radome structures using the techni q ue of pulse echo scanning.

Pulse echo scanning may be described as follows in Figure 1. In this  type of scanning, an
ultrasonic transducer operating between I and 5 M Hz is pulsed wi th  an R F pulse of usually I-S
ps dura t ion .  Depending upon the type and or ienta t ion  o f t h e  t ransducers ,  e i ther  a long i t u d i n a l
or sh ear wave is generated which propagates toward the radome ceramic. When the ultrasonic
pulse reaches the ceramic , a portion of it is reflected back toward the transducer , which results
in a front surface echo return , and the remainder propagates toward the glue bond line. If a
good glue bond is present the t ransmit ted ul trasound will  be attenuated.  Conversely, if a poor
bo nd is present an echo wil l  be reflected from the ceramic-fiberg lass bond line toward the
t ransmi t t ing  transducer. By examin ing  the ampli tude of the echo return from the glue bond
l ine , one can determine the qual ity of the g l ue bond ( Figure 2) .

The major problems encountered in pulse echo scanning are the interpretat ion of the return
ech o a m plitudes and the provision ofsufficient electrical gating sensi t ivi t y  and detectabil i ty ot
the re turn  echos. t his report documents a sy stem for scanning ra dome glue bond jo in ts  such as
found in the Pershin g II  and PATRIOT missile systems. Section 2 g ives the mathematical
afl~i I \ s I s  a nd terminology necessary for glue bond anal ys is whi le  Section 3 describes the
operation of the  sy st e m and g i~es per t inent  electrical informat ion.  Exper imental  scanning
techniq ues and results are g iven in Section 4 while  Section 5 documents  genera l conclusions
whic h can he made about  the sy st em.  The A ppendi x  contains a ful l  description of the
c o m p u t e r  codes r:ecc~sa rv for the  operat ion of the  ~y stc m in comp uter  mode.
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2. MATHEMAT ICA L A NALYSIS

A. ONE DIMENSIONAL ACOUSTIC MODEL

In order to charac terize the na ture of a glue disbond a p hysical descrip tion of the
insonifica t ion process will be developed. Consider F,~’ure 3 which dep icts the process. I)efine
the following parame ters:

incident energy on the ceramic front surface (Joules/cm 2 etc.)

pA front surface reflectivity ( 1 = perfect reflector) of ultrasonic passing from external
media to ceramic

p~ rea r surface reflectivity of ultrasound passing from ceramic to external media

K acoustical couplant attenuation constant from the transducer to the ceramic front
surface (0 = perfect a t tenuat ion)

ceramic at tenuat ion constant from the front to the rear ceramic surface .

It is important  to note that  K and ~ depend upon the materials  and their  geometry.
Furthermore , it is assumed tha tp ..~ and pu are dependent on the direction of propagation of the
ul trasound.

With  these def in i t ions  the antici pated echo-return energy dens ities ma~ be shown to he as
fo l lows:

J- ront surface reflection

‘RO = KP AI (I )

First glue bond reflection

‘Ri 
= Ke 2 ( l_ p

A ) I P B ( l_ p
B ) ( 2 )

10

...~~~~ ~~~~~~~~~~~~~



— ___

~~~

AC 0 U S TIC
T R A N S  -
D U C E R

___________ U L T R A -
SOUND

S I L I C A  ~LUE F 1BER~
S PE CI I U E N  GLASS
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Seco n d g lue bond reflection

1R2 Ke4(i_p
A
)1p

B
3(i_P

B
)

Third glue bond reflection

1R3 = KE6(i_P
A
)1p

B
5(i_p

B
) (4)

f our th glue bond reflection

1R4 = K 8 ( i_ P
\ ) L P B

7 ( i_ P
B

)
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Then the following equations exist:

EPB~ ~~ t~~~~
1 ~

PB~~ 

~
1
~2 ~

and

2
‘Ri ~ ~~~~~ ~~~~~~~~ ~~B (’ 1)B ) ( 7 )
1R0 

— ________ -

whe re,

€ 
2 (1 

~~~

It is important  to note that  if ~ and p..~ are constants  then ~ becomes a mater ia l  cons t ant .

The model previously described assumes that  u l t r asound passing f rom the ceramic to
a nother media always reflects the same~ th is is not a lway s  true. To account for  t h i s  an
improved model is given:

Define:

p.~ reflectivity in going from the acoustical coup lan t  to the ceramic

PH reflectivity in going from the ceramic to t he  glue

reflectivity in going from the ceramic to the acoust ica l  coup lant

I inciden t energy density of the ultrasound at the couplant ceramic interlace

K acoustical eoup lant attenuation constant

ceramic attenuat ion constant.
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Therefore , the following equations result:

Reflected pulse from the ceramic front surface

I = K p I (8)
RO A

Ceramic-glue bond reflec ted pulse

1R1 
= Kc 2 ( 1_P A) 1P B

( 1_p
c) (9)

Then ,

= 

K
e
2(1_P

A
) I P

B
(1_p

c
) (10)

1R0 KPAI

or

1R1n = = c1~P 
( I I )

RO

c 2 (1-p ) (1-p )
where = 

A C a material constant.

Now , if it is assumed that  I R I  and l u ~ are proportional to the rearand front surfaceecho return
amp litudes respectively , then their  ratio characteri zes the glue bond reflectivity. It is
anticipated that ~ will approach one if a glue disbond is present since I~ i will  have increased in
magnitude.

B. TRANSMISSION AND REFLECTION FROM LIQUID-SOLID
B O U N D A R I E S

[he expressions for  analysis of the propagation of~ ibra t ional pulse s through layered media
will  be stated here wi thout  der ivat ion.  l o r a  more detailed discussion of these expressions . the
reader us referred to I. . M. H rekhov sk ikh  I~.

( o nsider an acoustic ~ a’e of the form

= + cos(wt-Kz)  ( 1 2 )

13
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normally incident on the boundary between medium I (Z i = pi C1 ) and medium 2 ( Z2 = p 2C2 )  -
Figure 4.

For this case:

C velocity of propagation in media i

density of media i

Z, characteristic impedance of media (i).

(Z 1=p1C1)

M E D I A - i  

z 

I 

~~1

/ I / I  I I  V f f / I I I

r~lE D I A -  2
p +

(Z 2=p 2C 2)

FIgure 4. Geometr y for calculation of pressure reflection and transmission
coefficients at normal Incidence .
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The pressure reflection coefficient can then be written in the form:

v ~ 1— Z 2—Z 1 ( 13 )

and the reflected wave can be expressed as

Pref = P1+V 12 cos (wt— kz) , 
( 14)

The refracted wave can be written in the form:

P t ravs  = W17 P1+ cos (wt— kz)

where

2Z 2 P 2+ ( 16)w = =12 Z
1
+Z2 

P1+

As has been shown previously, an important parameter in ceramic radome studies is the
rati o of the echo from the front surface of the radome (water-ceramic interface) to the echo
from the ceramic-glue interface. The geometry of this  process for a sli p-cast fused silica-
ceramic radome is shown in Figure 5. This results in the expression:

W1 P 2 — ( 17 )
=

The importance of such a ratio is that  it primaril y eliminates to a first order approximat ion
effects of transducer nonuni formi ty .  In terms of the acousti c impedances of the materials
involved , given in Table 1. the ratio between the silica-water and silica-glue echoes can be
wr i t ten  as:

4Z Z (Z —Z )
R = ~~g 1 ue r e f l e c t i o n  

= 
1 2 3 2 , ( 1 8 )p

1+v1+ (Z 2
2-z1

2 ) (Z 3+z2)
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INTERFACE -2 fi — AF 32 N~~SS
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U 10 mm ~~~~~ 5 mm

Figure 5. Geometry for calculation of the ratio of the glue reflection to the
water-silica reflection Pglue/V 1+ P1+.

refl

In terms of the reflection and transmission coefficients , the ratio can be written as:

— 

( 19 )
R

where for examp le W 12 is the transmission coef’ficient b r a  wave approaching interface I in the

positive direction. Using the impedances in Table I ,  the computed value of R -.38. assuming

no ultrasound beam spreading. absorption or ang le effects.

Generally the effects of the various interfaces can be considered separately in the pulsed

scanning case since the pulse exists only in a constrained region of space and time. This is not
necessarily true in the case of the glue layer since the nominal thickness is about one acousti cal
wavelength and the typical pulses are severa l wavelengths long. Thus interference between the
front and hack surface echoes could cause a d iminu t ion  in the echo from a good glue joint.

Taking into account the ~ariou .s  interface effects, the theor y predicts as much as a 2S~,
diminut ion of the reflected pulse from the silica-glue interface.
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C. TRANSMISSIO N AND REFLECTION AT OBLI QUE
(NON-NORMAL ) INCIDENCE

The first interface in the system is the water-silica interface. The pre ssure reflection
coefficien t as a func t ion of inciden t ang le of a wave t raveling from a li quid medium into a solid
at an angle below the critical angle is

— 

P1 — 

Z
2
cos

22y
2

+Z
2~

sin 2
2’y
2
_Z

i 
(20)

12 
— — 

Z 2cos
2 2y 2+Z 2~ sin

2 2y 2+Z i

where the geometry is as shown in Figure 6 , Z 1 p iC i  / cosO i, Z2 p 2 C2 cosO2, Z2~ = p :b1 . cosy2

and b2 is the velocity of the transverse wave in medium 2. To evaluate this expression it is also
necessary to use Snell’s law ,

sinO 1 
sinO 2 

siny
2 

(2!)

C
1 

=

~~ 

C
2 

= b~ 
‘ 

I~IO~1ID

p~C~

SOLID

2+
1 2 L O N C . I T U D I N A I ,  W A V E

p t+2 Z 2 = p 2C 2

T R A N S V E R S E  ( S H E A R )  = p 2B 2
WAVE

Figure 6. Geometry for calcu lation of reflection and t ransmission
coefficients at obli que Incidence to a liquid-sol id Interface.
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The long itudinal wave transmission coefficient is

— 

2Z 2 cos 2y 2 
— 

(22)
— 

2 2Z 2cos 212+Z 2~
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and the shear ~~~~ transmission coeff icient is
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— 

2Z 2~
cos212 

______ 

(23)
p

12 
— 

P 
— 

2 . 21+ Z 2 cos 2y 2+Z 2~
s1n 2y 2+Z1

U sing the values of Table I , the calculated magnitude of the ref lection coeff icient  as a
function of angle for the silica-water interface is shown in Figure 7. It should be noted that for
an incident angle of less than 200 the reflection coefficient changes less than 35(~ from the
value at normal incidence. At O~

) . the critical angle for long i tudinal  ~ ave propagation , the
reflection coefficient peaks very sharply to uni ty  and then drops to wi th in  I3.5~ of the value at
normal incidence from 22° to 36° . Beyond 0~ = 36.87° , the critical ang le for transverse or
shear waves , the magnitude of the reflection coefficient is unity.  f t  should be noted that the
phase of the reflection coefficient wil l  vary for O~ > & )  (phase O for 0i  <0~~) but here one is
pr imar i l y  interested in the magni tude  of the reflection coefficient ,

Fig ure 8 shows a ray trace of the beam from a t r ansmi t t ing  transducer at the very top of the
bond line. Here the angle of the glue joint with respect to the front surface of the silica is

greatest. Note that the main lobe of the reflected beam en t i r e l y  misses the  receiving t ransducer .
which will he in t he sideloh e reg ion.

Overall , the results of these calcula t ions  indicate that  obli que incid ence effects  should not

appreciab ly al ter  the  magnitude or phase of the  beam from the valu e s  obta ined at normal

incide nce. [he geometry of the rado me jo in t  is such, however,  t h a t  the  bond l ine  echo st r eng th

can he reduced considerabl y due to the cur s at t i re  at the  hond l in e .

3. SYSTEM DES CRIPT i ON AND OPERAT ION

I he acotisi ica I ~ i r a ~ si gna l  proce ssor ( SN I i l —  1000) was bui l t  l o u the (i round  E q u i p m e n t
a nd \l i ssi le Structures Directorate by Sperry Support Services. t h e  device is a stand-alone
u n i t  ~ i th  optional  computer interfacing available.  The Uni t  consists :Y the following sub-units:

• ~1 UdCl SN 1) 1 — 1000 si gna l processor

19
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• Preamp l i f ier  and a r ra y  system

• l)igital controlled rotating table and controller.

Opt ional accessories are:

• Oscilloscope

• XY video storage scope

• Sca n controller

• External  power amp lifier.

The system features 14--— .25 X .25 inches 2.25 M H z  Dapco transducers which can scan
approximatel y 434,000 different locations on the glue bond line of a Pershing II radome.
hgure 9 shows the basic components  o f the  sys tem.  Re fe renc e s l2j and [3 1  should be consulted
for deta iled operating ins t ruc t ions .

The SNDT-I000 operates using a dual tr ansmi t1 receive mul tiplexed transducer system. In

this system 14 transducers are sequentially keyed with  a 2.25 MHz  RF sine wave. The
ultrasound propagates toward the test p iece (rad orne )  which then reflects the  u l t rasound  hack
towa rd the t r ansmi t t ing  transducer ~ h ich is then switched in to  a recei~ er mode. t h e  received
si gnal from cacti t ransducer  us then amp l if ied  and one of the  fo!lo~ ing operat ions is

performed:

• The si gn al i s d i sp l ayed on an osc il loscope~

• The si gnal is sampled and held for computer digi t izat ion:  or ,

• The si gna l is compared to a ref erence voltage to turn  a storage scopes 7-axis beam
intensity on or off.

Figure s /0 and 1 / show block diagrams of the sy stem electronics.

,•\ . SYSTEM C O M P O N E N T  ELECTRONI CS

1 he i n f o r m a t i o n  a~ a i l ab le  to t lie compute r  is :
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Figure 9. Array signal processor unit. (a) Entire system scanning Pershing II
radome. (b) Close-up view of control electronics. 
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Figure 11. Signal processor and array block diagram.
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• x and y position on the radome of each transducer (digital)

• Ampli tude of return echo (analog)

• System clock (di gital).

The system clock and motor drive for the rotating table can be controlled by the computer.
Electronics for the system are mounted on cards and feature the following:

• Transducer Exciter and Power Amp Card—th is circuit provides an internal VFO
(variable frequency oscillator) and the gating circuits to develop a transmit pulse of the proper
t iming and wid th . It also contains a IS db amplif ier  for dr iv ing the  transducer s and
connections for an external VFO and power amplifier .

• Clock , Drive , and Gate Generator Card —this  circuit contains the system clock wi th ra te
controls and the gate delay, width and drive electronics for samp le and hold scanning of the
return echo.

• Video Cli pper Card--- this circuit has an amp lifier for providing a 40 db gain of the
return echo with clipping of the echo at about 2.4 volts peak-to-peak. The RF gain
potentiometer on the front panel controls this card.

• Signal Gate Detector and Sample! Hold Card— - this circuit takes the amplified signal
from the video cli pper circuit  and gates it wi th  the gate drive si gnal to prod uce an envelope of
the echo. The Sample ,

. 
Hold gives a level representation o f theecho  on the ris ing por t ion  of the

gate pulse. This level is sent to a comparator card or an external  computer . When the
Samp le. I-b Id switch is in the out p o sit ion . t h e ech o en velo p itself is ampl i f i ed  and sent to the

co m parator.

• Comparator Card ---this circuit receives the echo level and compares it wi th  a positive
reference voltage. A level change from low to hig h represents the  presence of an echo from a
disbond. A bond fault  light on the front panel tur ns off when a disbond is present.

• Array Control and Sweep Generator Card this  card controls the position of the beam
on a storage monitor for displaying the results of scanning the glue bond line of a radome. The
master reset button on the front panel resets all sweeps back to 0.

• Transducer Selector Card manual selection of transducer for disp lay purposes or t heir

26
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automatic sequential operation is contro lled by this  card . A control switch on the front panel
selects the mode of operation and four switches sequence the transducers manual l y .

• Transducer Array Card—this circuit features FET switches used to turn on each of the
14 transducers.

• Line Driver Card—computer interfacing is provided by this card which provides six

lines of binary coding for the angular orientation of the radome to the array and six line s for
the y axis (heig ht) of the transducer on the radome. The motor drive logic and signal
co ndit ioner  for  the rotat ing table are also on this  card. An adder circui t  is also present ~ h ich
combines the Sample and Hold signal with the clock pulse and a line dri ver to provide echo
informat ion to a computer for data reduction.

B. THEORY OF OPERATION

[he sca nner system operates as follows. A l—3 M H, sine wave osci l la tor  ou tpu t  from a VFO
is gated to produce a t ransmi t  pulse. This t ransmit  pulse is amplified and the attenuatio n

control is provided by an R F drive potentiometer  on the front panel.  The t ransmi t  pulse is
ei ther  sent to a single t ransducer (manua l  mode) selected on the  front panel or sequential ly
sent to each of the 14 transducers. Afte reach transducer is pulsed wi th  the RF signa l . thevare
sw itched to receiver mode. In th is  mode the ent i re  re turn echo from the test object is amp lified
and a portion of this echo is gated to a Samp le. Hold—comparator circuit. If the system is in
Sample and Hold mode the rising edge of a gate pulse activates a Sample and Hold circuit
which samp les the echo ov erabo ut a 20 ns t ime interval .  The amp l i tude sampled u s then sent to
a comptit e r o rd i sp layed on a scope. l i t h e  sy stem s i n  comparator  mode , the  Samp le and Hold
si gnal or the envelope of the echo si g nal is compared to a refe rence voltage. lfthc envelope or
Sample Hold si gnal  goes above the  ref ~ ren ce leve l , a disbond is present. The presence of a
dishond tu rns  off the  bond fault  ind ica tor  li g ht on the  f ront  panel and also b l anks  the  i
i n t e n s i t y  pulse for wr i t i ng  to the  ideo mon i to r  t h u s  i nd i ca t i ng  t he  presence o f t h e  ila~ . Figure
/2 shows the Ia out  of the  f ront  panel controls for scanning purposes ter each set of 14
t ransducer  scans of the  glue—bond l ine are made the  radome is incremented a p p r o x i m a t e l y
2 n- I 024 radians  and a new scan is made. I t a  c o m p u t e r  is used to cont ro l  scanning.  increments

of2ii’ 31000 radians  are possible. When the radome is incremented the X ’Y sweep o f t h e  video
moni to r  d i sp lay ing  the dishond is also incremented.

(‘ . OPERATING CONTROL FUNCTIONS

I lie foIlo ~~ing con t ro l  f u n c t i o n s  are a~ a i l ah I e  on the  f r o n t  panel of the  scanner u n i t .
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o TRIGGER DRI V E LEVEL PULSE ENV EI .OP E o

Figure 12. Front panel of Array Signal Processor.

I .  RF E)rive: Sets the t ransmit  level voltage to the transducers.

2. RF Gain: Sets the amplification level to the video amplifier of the return echo.

3. Detector Gain: Sets the ampl i f ica t ion  of the DC amp lifier.

4. Power: Turns the system on. A red 1.El) beside this  control indicates  system operat ion.

5. Exci ta t ion:  This control determines if a keyed R F signal or a square ~ ave t ransmi t
pulse is applied to the transducers in the array.

6. Sample , h old: When placed in the IN position a DC level representation of thedetected
echo on the rising portion of the gate pulse is given. When in the OLJ I posi t ion th is  circuit  u .s

bypassed. The circui ts  ou tpu t  may he observed on the  Echo Pulse l3N(’ connector on the  front

panel.

7. Master  Re set: I h i s  s~~ i tch resets the X- Y po si t ion of the ~ i deo monitor and t ransducer

select to 0.
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8. Start Cam Bypass: A single scan of 14 transducers is made.

9. Clock: The transduce rs are continuously scanned.

10. Bond Fault: Indica tes the presence of a glue disbond on an LED which turns off in its

presence.

I I .  Scan Terminated : This LED is activated when the scanning process has stopped.

12. Gate Delay: Positions the signal gate from 10 ns to 10 ms.

13. Gate Width: Sets the width of the gate from 50 ns to 5 ms.

On the back panel of the system a switch is present which allows a computer to contro l the

position of the gate.

4. EXPERIMENTAL SCANNING T ECHNIQUES AN D
RESULTS

A number of experimental procedures were carried out in support of the array design and

app lication. These procedures included measurements of transducer impedances and field
patterns at various frequencies and scans of bond lines of both test samp les with programmed
flaws and two actual radomes. The overall results were indicative that the system has the

ability to detect both flaws in silica and in the silica glue bond line. Some problems in flaw

detection in the bond line of actual radomes were identified in the testing progra m and means

for overcoming these problems are suggested.

A. TRANSMISSION STUDIES

Given the impedances of Table 1, the expected pressure transmission coefficient for the
composite radome base is about .7. The geometry for this calculation is shown in Figure 13. In
genera l . the measured transm ission coefficients were less than .1 . suggesting an additional
source of attenuation. The low transmission coefficients appear to be primarily due to the

large number of air bubbles in the glue joint of the Pershing II radome first studied. This is

fur ther indica ted by the neutron radiograp h shown in Figure /4 .

The procedure for tak ing transmission readings was as follows: ( I )  a p incers transducer
holder was devised to hold the two transducers in approximate face-to-face orientat ion on
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Figure 13. Geometry for calculation of the ratio (V2/V 1) of the transmission
with a radome inserted between two ult rasound transducers . K Is
a constant of the transducers , and the impedance of the adhesive
layers which are bonded to the transducer faces.
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Figure 14. Typ Ical sect ion of neutron radiograph of Pershin g II radome
under inspectio n . Note the highly marbled texture In the j o int
region.

both sides of the radome. This transducer holder is shown in Figure / 5 .  (2) after orienting the
transducers at a particular level on the radome, minute adjustments in transducer orientation

were carried out unti l  the maximum signal was observed. (3) the ratio of the received signal
throug h the radome to the received signal with the two transducers pressed together was taken
to be the transmission coefficient for the radome at that  point. Results of transmi ssion studies
at two relatively hi gh transmission spots on the radome are shown in Figure 16. In general. the
high transmission regions , which should correspond to the most solid glue regions . were
located in the upper half of the bond region.

B. ECHO STUDIES

Due to the very low transmission , obtained throug h the joint reg ion of radomes . the
requirement for access to both sides of the radome , and the poor diffe rentiation between flaw

and surrounding s obtainable in the transmission mode , the flaw detection system was

designed for use in the pulse echo mode. In the pulse echo mode an ultrasonic pulse is sent into
the specimen and the echoes from various interfaces are p icked up by a receiver , usually the
same transmit  transducer. the depth of interfaces or flaws in the material can be accurately
determined with knowledge of the echo delay and the velocit y of sound in the material. Flaws

31
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DISTANCE UP RADOME ( m m )

LOCATION #1 . LOC ATION #2

100 100

O . ’1 ! 2 ~~~~~~~~ 3 0~~~~~~~~~ 1 Y 2 .~~~~~~~~J

TRANSMISS iON RATIO TRANSMISSION RATIO
(DIRECT COUPLING ) (DIRECT COUPLING )

Figure 16. TransmIssion coefficients as a function of height on the bond line
for two locations on Radome Number 1.
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or d isbonds change the  impedan ce characteristics of the interf ace and thus can change the
echo a mpli tude or character.

In order to ascert ain the expected echo return from various types of flaws , intentional fla~ s
~ere programmed into a sample of silica-glue-fiberglass material representative of the
materials ut i l i i ed in actual radomes. F igure 17 shows the three (laws which were produced by
boring throug h the epoxy-glue-fiberglass composite.

A mono-tool was used to cut throug h the composite producing a flat bottomed hole. For the
first flaw , nothing fur ther  was done so that a perfect dishond existed between the epoxy -
f iberglass and glue . In the second hole , a one-ei ghth-inc h dr i l l  hit  ~ as used to gouge out  the
bottom of the hole to s imula te  an irregular inclusion in the silica. Fina ll~. a scre~ dri~er ~as
used in the third hole to carefully remove the glue layer while lea~ ing the silica intact , th us
simulating a disbond between sili ca and glue.

The a r ray  ~ as positioned over each o f t h e  thr ee flaws in tu rn  and an oscilloscope ~ as used to
s tu d ~ the pertinent echoes from the three transd ucers closest to the ~~~~ I he resul ts are sho~ ii
in iigur es 18 . / 9 . and 20 .

I

-A
Figure 17. Phot ograph of flaws manuf actured in a test s lab using a Dremel

Mono-tool with 1/4 Inch boring too l. Left to right , flaw in silica ,
flaw betwe en epoxy-fibergl ass and glue , and flaw betwe en silica
and glue. The silica flaw was obt ained by drilling thr ough silica
with a 1/8 inch drill bit , the sil ica-glu e flaw by boring through to
glue and cleaning to bare silica.
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(B ) AT FLAW LEVEL
TRANSI)UCER 0101

~~ BI~I O W  Fl AW i P \ H 

~~~T)~~l~ 

~~~~~~~~~~~~ CHO

Figure 18. Detection of silica flaw using the ultrasoni c array. Echoes above
(a), at (b) and below (C) are given for a 9mm diame ter programmed
flaw. The flaw is abo ut 10 db above reverbera tions in nonflaw
transducer locations.
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( A )  ABOVE FLAW 
0110

(B ) AT FLAW
TRANSI )UCER 0101

( ( ‘ t BELOW FLAW
TRAN SI )U ( ’E R  0100

Figure 19. Detection of silica - adhesive bond line flaw. The flaw echo is
about 1.8 times the silica adhesive echo (5.1 db and up), which is
consistent with the theoretical predicted pressure reflection
coefficient for a good adhesive joint of V 23 .5, since the flaw
should give 100°/a reflection assuming the back surface of the
silica is flat.
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Figure 20. Echo from (a) over fiberglass-adhesive flaw and (b) from the
adjacent point with a good adhesive joint . A single element was
used in this experiment . The scope was set on .5 s/cm. Note the
phase cancellation in (a) at about .6 ns from onset of pulse: this is
about the time predicted for the pulse to travel through the
adhesive layer . Note that in (a) the peak-to-peak amplitude of the
second portion of the reflection is about 1.3 times the peak-to-
peak amplitude of the first pulse. This is predicted by theory.
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~~ Fhe results of these studies show that  the array is capable of diffe rentiat ing three major
types of flaws: silica inclusions and cracks , glue-silica flaws and glue-fiberglass flaws. The
characteristics of echoes from various types of flaws which can be used to differentiate them

-
~~~ are summarired in Table 2.

TABLE 2. SUMMARY OF ECHO CHARACTERISTICS TO DIFFERENTIATE
MAJOR TYPES OF FLAWS. THE SECOND ECHO :IS THE ECHO
APPEARING IMMEDIATELY AFTER THE FRONT SURFACE
ECHO FROM THE SILICA WATER INTERFACE.

ECHO CHARACTERISTICS

FLAW TYPE SECOND ECHO SECOND ECHO SECOND ECHO
DELAY TIME SHAPE AMPLITUDE
FROM ONSET

SILICA ECHO OCCURS NO CHANGE DEPENDS ON
FLAW SUBSTANTIALLY FLAW

SOONER ORIENTATION
AND SIZE

SILICA -GLUE NO CHANGE NO CHANGE INCREASES
DISBAND FROM NORMAL

TO A FUNCTION
OF TWO AT
MOST

EPOXY -GLUE NO CHANGE ECHO IS LITTLE CHANGE ;
FIBERGLASS L E N G T H E N E D .  LOBE FOLLOWING
D I S B A N D  PHASE SECOND PHASE

C A N C E L L A T I O N  C A N C E L L A T I O N
APPEARS AT MAY BE 40~
ABOUT . 7~.S LARGER
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The most important diñerences between echoes from the various types of flaws are as

follows:

• Echoes from silica inclusions and cracks will undergo less signal delay since the

structures causing the echoes are closer to the surface of the radome.

• Silica-glue disbond echoes are abou t twice the amplitude of surrounding echoes fromj good j oin ts.

• Glue-E poxy fiberglass disbond echoes are elongated by .6- .7 psec corresponding to the
travel time throug h the glue layer (AF32 adhesive). Phase cancellation between the echoes

from the front and back surface of the glue will be noted at some point in the echo. The second

portion of the echo following the phase cancellation should be about 1.4 times the amplitude

of the fi rst.

The ratio of the echo from the front surface of the glue layer to the echo from the back

surface can be calculated for normal incidence to be

E W W W
back — ~

i3 ~~~~~~~
E — V
front 23

When Equation (24) is evaluated using the impedance values in Table 1, and assuming good

gl ue bonds. E~~k~ Eiront .28. Assuming a disbond between the glue and epoxy-fiberg lass .

Eh~ k /  Firo,,i = l.39. ‘rh us the effect  of a back surface dishond is to produce an echo 40~ la rger

than the front surface echo. ‘~s ith phase reversal, delayed about .7 ~isec for a t~ p ical glt ie jo int .

I t should be noted here that echoes were obtained ~-ith the  transducer aligned directl y above

the flaw. Studie s indicate that alignment is critical and the best results are obtained only ‘~~ i th

the transducer properly ali gned.

In this test one-fourth—inch flaws and one-fourth- inch square transduce rs were used so tha t
resol u t ion  w a s  at the l imi t  of the sy stem. For one—half—inch or larger fla~ s. ali gnment should

he considerably les:~ cri t ical .  The flaws created were idea liied fo r the  purp ose of eva lua t ing  the
echo in a controlled situation. In practice. flaws may he hy brid  and may exh ib i t  a combina t i o n

of the characteristics disp layed in these experiments. For exam p le. a large flat  g lue inclusion
will give the same general pattern as the glue examp le flaw excep t the  elongation will he less

a nd the  p hase reversal wil l  occur earl ier.
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( I )  ACOUSTICAL SCAN TEST NUMBER I .  The following test was conducted to
estimate the penetration energy of the acoustic array scanner system. A block of sli p-cast fused
silica radome material (E modulus~~5-7Xl0 6psi, p~~2gm/cc) was mounted parallel to the 14
transducers. The geometry is as shown in Figure 21.

A ruler .079 cm thick with exposed surface area ofapproximate ly  1.6 cm~ was pl aced on t h e
back surf ace of the block of silica and coupled acoustically with couplant oil.  The ruler was
detected ever ywhere the silica was isoni fi ed as it was moved along the back surface of the
block. Detection of a good acoustic bond was noted when the reflected pulse off the back

F suthtce of the radome decreased byabout  5Oc~, in anip l i tu de.  The transducers were operated at
maximum RF and detector gains and their  ou tputs  were sequential l y monitored on an
oscilloscope.

(2 ) ACOUSTICAL SCAN ~FES F N U M B E R  2. ‘Fhe following test was used to determine
t he resolution capabil i ty of the radome scanning array system. Stainless steel rods were
co ntacted to the back surface of a .65-inch thick piece of sli p-cast fused silica using acoustical
oil coup lant. Fhe transducer selected for resolution studies was number 13 . the to p uni t  which
appe a red to have average a mp li tude and t ransmissivi ty  characteristics. The effect of the  rod
placed on the rear surface is to increase the transmitted energy across the interface boundary -

Figure 22.

As shown in Table 3, the scanner system can de tect small areas of disbond and well bonded
material fairly well. Full RF and max detector gains were used.

( 3 )  A COUSTICA l .  SCAN 1ES I N U M B E R  3. In th is  test a piece of AF -32 adhes i~e v.as
bo nded to a .5—inch X .8—inch X 6—inch block of sli p cast fused si l ica.  ,-\ c ou st ic a l  coup lan t  oi l
was inserted between the adhesive and a .60-inch th ick  p iece of radome sil ica ‘~ hi ch s~as
in .s oni f ied as in Figure 23. A .40—inch square area of silica was in s oni l ied .  At a s i m u l a t e d  bond
po int , the ultrasound t r an sm i ss ivi t ~ increased about 55( - Full  R F  gain and m a\  de t c c to rga in
were ut i l i ,ed.  t h e  adhesi ~e s~as bonded for 10 minu tes  at 300 C tempera ture  m i n i m u m .

4 .-\ ( O t J S F I C A I .  S C A N N E R  FI :S~F N U M HER 4 . I h e  purpose of t h i s  t e s t  Was to
eval uate the  ah i l i t ~ of the  array scanner sy stem to detect the  bond line q u a l i t y  hetween pieces
of sl i p—cast fused silica using AF-32 adhesive glue. Figure 24 shows the  geometry used in t h i s
test. I h e  A F—32 adhesive was cured us ing a c-clamp f o r g e n e r a t i n g  pressure  for3 ()  m i n u t e s a t  a
minimum te mperature of 300 C. The .588—inch th ick  silica block ~s a s .  7 5-inch wide.

In  t h i s  te st the peak ampl i t udes  of the  f ron t  and hack sii r f ~ice echoes were recorded f o r  the
.442 8—inch th ick  sil ica . I ra nsducers 7— 1 3 ha~ e the  sta nd ard perfect flaw ind ica t ed  by no si l ica
or g lue prese nt at the  hack o f t  he test block. II owcver . t ransducers 0—6 have the  s imul a ted  lab

40
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bo nd. Tahle.s’ 4. 5. a nd 6 show the results ofthese tests . As can be seen from the results in Table

6. ~
p
~(J-p ~

) gives a good description of the bond quality. From Table 6 it is also seen that:

~~~good bond _ _ _ _  - 811
~3’bad bond 

— 
.462 

—

( 5 )  ACOUSTICAL SCAN TEST N U M B E R  5. This test is the same as test number  4
except that it is in two parts. In tests with superscri pt-a , 0-6 transducers have the good bonds
while in tests with superscript-b , 7-13 transducers have the good bonds. As can be seen from
the data in Tab/es 7 and 8, the rear surface bonding can be adequately determined using the
ra t io of reflected echoes . Transducers 0, I , 7 and 13 showed the poorest response due to end
boundary conditions imposed on the test due to clamping, etc.

(6) ACOUS ’FICAL SCAN TEST N U M B E R  6. I n gat i ng on a rear surf ace ec h o, the
Samp le and Hold circuit samp les a re onl y over severa l nanoseconds in dura t ion .  t h e  ef ’fect of
such a short samp le period is a synthetic noise generated because the ul t rasound min ima  and
maxima do not occur at the same point in time for every scan. The variation is small hut can

become significan t. In this test the computer gate was fixed in t ime and the output  o f t he  S H
circuit for transducer 0 was printed after averag ing for various numbers of scans. Table 9
tabulates the S, N ratio as a function of the number of times the output  was a~ craged . Figur e
25 shows the results graphed.

( 7 )  ACOUSTICAL. SCAN TEST N U M B E R  7. The purpose of this  test was to determine
the sensitivity of the array scanner system in detecting glue bond t’au lt s  in the P ershing II
radome glue bond line. A radome which had been sled tested and fractured was tested using the
system in scope display mode. At the base of the radome , areas were mapped out where flaws
were found using visual and object insert ion inspection. The radome scanner system then
inspected the glue bond line. A graphical p icture of the glue bond l ine  is gi~en in Figtire 2O and

a correlation of results wi th  vi sual and object insertion inspection is given in F igure 27. In this

te st the ampli tudes of the back surface echoes of each transducer were compared wi th  a fixed
reference level. Any t ime the signal ampl i tude  exceeded the fixed leve l ihe  i-axis scope disp lay

‘,~as turned off indicat ing a dishond. By varying the sens i t i v i t y  level of the  reference the
sens iti ~ itv of the scanning system is controlled .

( 8 )  \(‘Ot S l I C  SC,\ N U S E  N I  M H ER 8 . Echo pat terns  f rom selected locat ion s  on the

bond line of t % o  Persh ing II  radomc s were mapped in an effort  to de te rmine  typ ica l  readings
f rom actual  radomes . t h e  or ienta t ion of the arra y relat ive to the radon ie bond l ine  is shov ~ n in

I ,~’ure 2.~( .
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TABLE 3. ACOUSTICAL SCAN TEST NUMBER 2 RESOLUTION

STAINLESS STEEL
ROD SIZE RESOLUTION?
(D IAMETER )

14/32 ” YES

11/32” YES

9/ 32 ”  YES

7/32” YES

5/32 ” YES

3/32 ” YES

NOTE:  Resolution of a rod was said to exist if
the back surface silica echo return de-
creased by 50% or more .

TABLE 4. ACOUSTICAL SCANNER TEST NUMBER 4 DATA (VALUES ARE
IN VOLTS)

TRANSDUCER i R i  i R2 i R 3 i R4

0 i . 9  1 . 3 0  .60 . 30

1 . 8  1 .15 .60 .40

2 i . 8 1 . 4 0  .95 .60

3 1. 7 i . i O  .60 .30

4 1 . 7 5  1. 2 0  . 8 2  . 40

5 1 .75  i . 2 0  .60 .40

6 i . 9 5  i S O  1 . i O  . 45

7 2. 10 1.60 . 8 0  . 45

8 2 . 2 0  1. 6 0  1.00  .45

9 2 . 3 0  i . 6 2  .90 . 45

iO 2 .00  1 . 4 2  .60 . 45

I i  2 . 00  i S O  i .00 80

12 2 .40 1 .60 i.0O .50

13 i.95 1 .40 .60 .30

45
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TABLE 5. ACOUSTICAL SCANNER TEST NUMBER 4 DATA (VALUES ARE
IN VOLTS)

TRANSDUCER 13~~ A H 1 11 B C

0 . 8 2 7  .679  . 707

.799 . 722  .8 16

2 . 882 . 8 2 3  .794

3 . 804 . 837 . 707

4 .828  . 8 2 6  .698

5 .828  . 7 0 7  . 8 1 6

6 . 877 . 856 . 6 3 9

7 . 8 7 2  .707  .750

S . 8 5 2  .790  . 6 7 0

9 .83 9  . 745 . 707

10 .842 .650 . 860

11 . 894 .790 . 894

12 .81 6 .790 . 707

13 .847  .654 . 707

TABLE 6. ACOUSTICAL SCANNER TEST NUMBER 4 DATA (VALUES ARE
IN VOLTS)

T R A N SDU CER iRO 1R1

O 4.95 i.90 .383

4.80 L80 .375

2 4 .80 1 . 8 0  . 375

3 4.80 1.70 .354

4 4.80 1.75 .364

5 4.75 1.75 .368 4

6 4.80 1.75 .406

7 4 .80  2 . 5 0  .437

S 4.90 2.20 .448

9 4.90 2.30 .469

10 4.40 2.00 .454

11 4.30 2.00 .465

12 4 . 80 2 . 4 0  .500

53 4.20 1. 9. .464
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TABLE 8. ACOUSTICAL SCAN TEST NUMBER 5 DATA

PB IGOOD p GOOD
TRANSD U CER 

~ ~BAD T R ANSDUCER p~~( BAD

0 .979 7 .946
1 .840 8 .724

2 . 765 9 . 702

3 .652 10 .615

4 .746 11 .685
I

5 .753 12 .68 2

6 .793 13 .790

TABLE 9. S/N RATIO AS A FUNCTION OF NUMBER OF SCAN AVERAGES

NUMBER OF MAXIMUM S IGNAL AVERAGE OF SIGNAL SIGNAL/NOISE
SCAN AVE RAGES DEVIATIONS @ MAXIMUM AND (S/N RATIO)

MINIMUM CONDITIONS’

1 199 685 .5  3 . 4 4 7

3 116 677 5 .836  4

tO 73 644 .5  8 . 8 2 8

--.
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FIgure 25. S/N rat Io versus number of scan averages of transducer 0.
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Figure 26. 3600 glue bond line inspection of fractured Pershing II radome.
Dark areas in line traces are flawed regions. Light areas are good
bonded material. The bottom trace is transducer 0.

Th e procedure was to ma nu al ly select t ransd u cers on t h e array, and then to measure the
front sur face and bond line echoes. Due to the large observed variation in front surface echoes
for these part icular  radomes . it was decided to plot the ratio between the front and back
surface echoes in an effort to remove the effects of non-uniformit ies  in the t ransmit
transducers and the radome surface. An oscilloscope trace showing a typical sequence of
echoes is presented in Figure 29.

The resu lts of these studies are summariied in Figure 30 for rado me I and F igure 3/ for
rado me 2 In both cases only  points below the bond line were plotted. For both radomes. the

typ ical patter n was to obtain a ratio of p between .3  - .4 at the botton of the joint  ~ h i ch
gradually fell to abou t .03 - .05 at the top. It is felt that  th is  drop is simpl~ due to the

geometrical misal ignment caused by the curvature in the bond line , de monstrated by the ray
trace shown in Figure 8. Experiments were performed which indicated that by angling a
tr ansducer at about 6° to the silica at the upper bond pos it ions . a much greater bond line
reflection could he obtained , It is essential t h a t  the bond line reflection he reasonably strong
a nd un i fo rm in order to pick out anomali es due to flaw condi t ion s.
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FIgure 28. Orientation of array at the base of the radome.
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Figure 29. Typical sequenc e of echoes obtained with transd ucer 0111 at 2.00
Inches on the glue bond line of radome 1. The first burst on the left
is the transducer t ransmit pulse. The succeeding pulses are:

• gl Itch from gate
• water-silica echo
• bond line echo
• firs t reverberation of water silica echo
• reverberac .on of bond line echo
• second reverberation of water-sI lica echo.

(9) ACOUSTICAL SCAN TEST NUMBER 9. In this t~st four transducer scans were

made of glue-fiberglass in terface. The scans were made 6.5 ps after the receipt of the front

surface echo. As can be seen in Figures 32 and 33 the scanning technique was to plot the

Sample and Hold output versus scan angle 6 of the radome. Regions of high ampli tude are

des i red for this indicates good glue bonding at the silica-g lue interface. T’o make these p lots the

scanner was turned on and the Sample and Hold gate was set on the glue-fiberg lass echo peak.
As the radome rotated the Samp le and Hold output was plotted on a dig ita l oscilloscope.
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O 0 1 i o o i ~ 
P O S I T I O N  IT }t, .\ DOMF

O 1 0 1 0 1 0 1 0

0-1. O R I G I N A L  RADO ME D A T A

J - i . .-’1W ( 8mm D I A M E T E R )  IV I’I’I.
GOOD Gr.I’ F : I N T A C T

.~ I ’I .A\ \  ( 8 m m  D I A M E T I ; R )  W I F r
ADHE S I VE REMOVET)

FLAW ECHO W I T H  A R R A Y
ORIENTED TO CENTER Till-.
A R R A Y  OVER THI-. I- ’ i . . .\O
( A D H E S I V E  REMOVED)

Figure 30. Mapping of fro nt surface to bond line echo ratios fo r three
positions on rado me number 1. At the -4.25 inch pos it ion. a fla w
was produced by boring throu gh the fiberglass with a mo to-too l .
Initial ly the flaw produced a drop in return , but with proper
orientation of the array. it resulted in an increased echo .
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Figure 31. Mapping of fro nt surface to bond line echo rat ios for three
positions on rado me number 2. Note the general down ward trend
in the echo ratios is quite s imilar to that noted on rado me number
1, suggesting that this is a general characterisitic of Pershing II
radomes.
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Figure 32. Acoustical echo level from fi berglass-glue bond line. A hig h echo
return in this case is char act eristi c of a good bond at the silica-
glue interfac e. The Sample and Hold was made 6.5 M s alter
receipt of the front surf ace echo.
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5. SUMMARY AND CONCLUSIONS

An attempt to bring together the pertinent theory, a descript ion of the ul trasonic radome
inspection system and the result s of various tests to evaluate the system has been made. A
ma~or question . part ial l y answered by the studies performed . concerns the nature of the bond
reg ion. For radome I , neutron radiograp hs were available and the~’ revealed a hi ghly
nonhomogenou s structure in the bond line region. Large bubbles , severa l mil l imeters  to
severa l centimeters in diameter  appeared to be typical and areas of solid glue were the
except ion. Since radiographs give no depth in fo rmat ion , it could not be determined whether
t hese bubbles were located in the g l ue or at either of the two interfaces. The theory predicts a
front surface-hack surface echo ratio of .4 fora good gluejo in t  and values of .3 - .4 w ere  typica l
for the regions near the bottom of the radome where the pulse was reasonably normal to the
bond line.

t r a n s mission studies , on the  other  hand gener ally gave ~cr~’ poo r t ransmi ss ion  coef f ic ien ts
( . 1 or less ) except for a few selected areas. It max ’ be then that  the inclus ions  in th e  glue are
general ly not located at the glue-silica interface , h ut deeper in the glue layer. I’hase rever sals

~sere quite common in the g lue joint ech o. sug gesting that  such inc lus ions  were present
so mewhere in the glue jo in t .  It would be usefu l  to microton e sections of the bond line , examine
them micro scop icall y and correlate the results s~ ith the received echoes. In  general.  ho~~e~er.
the  regu lari t y of the results at the bot tom o f t h e  bond line suggest s a reasonabl y u n i f o r m  r e tu rn
could he obtained wi th  appropri a te  ali gnment  of the beam direct ions using an ac oust ic  leim .

(iiven the available data , a number  of conclusions can be derived from this study. First, it ~s

possible to detect and differentiate a number of different types of l l a ~s s in radome bond l ine s .
Seco n d . computer  processing can s i g n i f i c a n t l y  enhance the resul ts  of sc a n n i n g .  With t he
c o mpu t e r  controlled gate a scan can he made t h r o u g h o u t  the  bond l ine  reg ion re~ea 1ing the
anomalies and their dimensions . Final ly , without any modifications , the present s~stem can
perform an e~celIent tob of detect ing flaws and inclusions. l’retiminarv ~orL not vepoi’wd here C

sho~% s tha t  t he s~ stem can also scan composites wi th  ~er~ good accuracy .

6. FUTURE AREAS OF RESEARCH

Addit ional  ~ ork on the s\ stem shoul d locus on t h e  a eas Dl impr os  ed i r~i n s&f t ic e i
u n i f o r m i t ~ . p a r t i c u l a r l y  in  d am p in g .  hig her frequency arra ~ s f o r  be t t e r  de 1,t h  r e s o l u t i o n ,  t h e
use of compute r  proce ssing of t h e  R I -  echo burst s t o  enhance  d e t e c t i o n  .ind d i f f e r e n t i a t i o n  of

la~ s and the  in s  est ig~ I t  on of he lter  d sp Li~ modes . Fs e n ss i t  ho ut  t hcse I mpr o s  emen t s  the
pre sent ss s tem has a great dea l of de t ec t i on  ~- , ip ~ih i li t  . Se scra l i mp r o s em c n t s  could  also he
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made in the scanning electronics. Ind iv idua l  preamps and balance networks for the
transducers would be desired. Also smaller transducers and a larger number  of transducers
would further enhance resolution. Finally i t would be useful to production engineer the system

to increase its overall reliability and get it into field use. The production eng ineering procedure

should include the in tegra t ion of a microprocessor into the system to cut the cost of using a

larger computer.
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A PP ENDIX

The computer codes on the following pages were developed to perform specialized scanning
operations using a PDPI 1-40 controller. Five programs were developed and are presented as
Fortran 1V code. F igure 34 shows the basic system layout f or using a PDP 11-40 controller for
scan control. A DRII-C and AR I L lab interface package manufactured by Digital Equi pment
Corporation was used for analog and digital interfacing to a PDP I 1-40 controller.

Program: ARR AY.  FOR

Purpose: Samp le and Hold Scanning of a point in the return echo. The gate is set at the scan
controller.

Input:
( I )  Number of transducers— U p to 14 transducers may be scanned always starting with

transducer 0 located at the radome base.

(2 ) Voltage Trigger Level—the digital value of the scan controller clock voltage; any-
where between 700 and 1023.

( 3 )  Number  steps scan - -- Numbe r of discrete advances of the radome between scans.
31000 advances equals one revolution (2ir ) of the radome.

(4 1 Step rate — rate at which the radome is moved between scans. Values are from 10
to 200.

( 5 )  Number  Scan Points — total number of points to be scanned.

6 Print data — request for data to be printed on the teleprinter.

Output: (Il data is printed on a decwriter.

(2) data is plotted on a scope.
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*OPTIONAL EQU IPMENT

E5d1~05c0H MONITOR*1

_ 
4

—
ROTATINGNOT- b OO 
TABLEARRAY 

~~~ MOTORSCANNER 
CONTROL 

ROTATING

DRib -C  AND 
__________  TELE PRINTE R*AR 11 LAB -~~~~~ ~~~~,_ ‘ 

~~~ (D E C W R I T E R )INTERFACE

_____________ 
PDP1 1/40
COMPUT ER *

DISPL A Y *
OSCILLOSCOPE

Figure 34. System “sr computer data processing.
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Program: LOCAT. FOR

Purpose: Positions the computer  gate for the Sample and Hold. The gate is positioned by
typ ing in a value of Ito 1024. This is used to locate the gate po sitions of the front
and back ceramic  radome echoes for ra t io  scan~iing .

Input: Gate Position—a value of I to 1023.

Output :  Gate is positioned.

TT -
~t’Xi : LOCA’r ,FOR

C — — - — — — — O A r E : i:ric; T- il)~~:1,; ; l:I~U.it .~ t f~tJ Is~ (-d-~i- :i~i~ :- .- ‘ ii~ i E:)~I REAtI (
~5 ,2 )  N

2 FOR MA r ( Si
CALL I)- ’Ol\~’( “ I . ’ : H 2 , i - J
130T0 I
EN [I
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Program: A R R A Y I .  FOR

Purpose: [his program compares the ratio ofa  hack surface echo amp l itude to the front sur-
face echo amp l itude. Scan ni ng is done in Samp le and Hold mode.

Input:
( 1)  Number of Transducers—up to 14 transducers may be scanned sta r t ing with trans-

d ucer 0 l ocated at the rado me base.

( 2) Trigger Level—-the digita l valve of the scan controller clock voltage; anywhere be-
tween 700 and 1023.

( 3 )  Number  Scan Points—total  number of po ints to be scanned.

(4) Number  Steps~ Scan—-number of discrete advances of the radome between scans.
31000 advances equals one revolution (2ir ) of the radome.

( 5 )  Step Delay—rate at which the radome is moved between SC~. .IS ,  Values are from 10 to
200.

(6) Gate Position- I —- Sample and Hold gate location (0-1023) of the echo for the
deno mi nato r ter m i n echo ratio testing.

( 7) Gate Position -2 - - Sa m ple and H old gate locat ion (0-1023) of the echo for the
numerator term in echo ratio testing.

( 8) Gate Settle Delay - dela y allowed for the computer controlled gate to settle
(no r mall y tO) .

Outp ut:
( I )  If any bit of the P DP I  1 -40 control console is hig h . d ata is printed on a decwriter ,

2 I )ata is p lotted on ~‘ scope t or each t r a nsd u cer .
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Program: A R R A Y 2 .  FOR

Purpose: This program compares the ratio of a back surface echo amp litude to the front sur-
face echo amplitude. Scanning is done in Sample and Hold mode. Mult iple  Sam-
ple and Hold averages can be made at a single gate location.

Input:
( I )  Number  of Transducers—up to 14 transducers may be scanned starting wi th  trans-

ducer 0 located at the radome base.

(2) Trigger Level—the di gital value of the scan controller clock voltage; anywhere be-
tween 700 and 1023.

( 3 )  Number Scan Points-—total  number of po ints to be scanned.

(4) Number Steps ,. Scan— - number of discrete advances of the radome between scans.
31000 advances equals one revolution (2ir ) of the radome.

( 5 )  Step Delay—rate at which the radome is moved between scans. Values are from 10 to
200.

(6) Gate Position- I —-Sample and Hold gate location (0- 1 023) of the echo for the
denominator  term in echo ratio testing.

(7) Gate Pos ition-2 - - Sample and Hold gate location (0-1023) of the echo for the
numerator  term in echo ratio testing.

(8) Gate Settle Delay delay allowed for the computer controlled gate to settle
( n o r m a l l y  t O ) .

(9) Samp les Sca n Point to increase the Signal /Noise  ratio , eac h gate pos it ion is
scanned a m u l t i ple number  of times and an average value of
the echo re turn  is computed. The number  of sanip les compos-
ing the average is given as inpu t  here.

Out put:
( I t  H any b i t  on the  I ’DP 11- 4 ) )  control  console is hi g h . data is pr inted on a dec~s r iter.

L

I 2 I )at a i~ p l ot ted  on a scope for each t r ansducer ,

6R
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Program: ARRAY3.  FOR

Purpose: This program rotates the radome and transmits  scan pulses to contro l scanning.
All signal processing of the echo returns is done external to the computer.

Input:
(1) Number Scan Points—total  number of points to be scanned.

(2) Number Motor Pulses / Scan—number of discrete advances of the radome between
scans. 31000 advances equals one revolution (27r ) of
t he radome.

(3) Motor Pulse Width - - durat ion of motor pulses (10-200).
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