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1. INTRODUCTION 

1 . 1 . Most of the identification techniques proposed for safeguarding fissile 

mate r ia l s must give "tamperproof unique" identities and not only an 

identification n u m b e r . These techniques make use of cer ta in random 

proper t ies of the s t ruc tu res containing the f issi le ma te r i a l or of the 

fissile ma te r i a l i tself. 

The physical or technological p rocess used to revea l the proper t ies 

assuming the unique identity might be / ref. 16 / 

- optical techniques 

- radiographic techniques 

- e lect romagnet ic techniques 

- acoustic techniques 

1.2. The development work performed at the J . R . C . ISPRA on unique 

identification methods is principally based on ul t rasonic Non Destructive 

Techniques. 

1 .3 . The a im of this r epo r t is to give an exhaustive descr ipt ion of the 

ul trasonic technique developed for identification pu rpose s . The different 

applications of the method a re desc r ibed . 

2 . BASIC PRINCIPLES OF ULTRASONIC TESTING OF MATERIALS 

In very general t e r m s , the use of ul t rasonics for ma te r i a l testing involves 

the conversion, with a piezoelectr ic t r ansducer , of an e lec t r ica l signal 

into a high frequency mechanical v ibra t ion . This vibration which is a pure 

p r e s s u r e wave, when sent into a specimen propagates itself until a change 

in acoustic impedance resu l t s in a par t ia l or total reflection of the p r e s s u r e 

wave. 



The reflected par t of the waves produces a mechanical vibration of the 

p iezoe lec t r i c e lement which, due to the piezoelectr ic effect, generates 

an e lec t r i ca l signal that after amplification can be visualized on an 

oscil loscope sc reen (F ig . 1). 

This sys tem is called the reflection technique. 

TRANSDUCER 
TEST PIECE 

SCOPE TIME BASE 

F i g . 1 - Principle of the reflection technique 

Reflections of the ul t rasonic beam are obtained from the entry surface , 

the flaw and the back surface of the specimen (F ig . 1) . The ver t ica l 

pu l ses , indicating the presence of echoes , a re displayed along the horizontal 

base line of the oscil loscope and r e p r e s e n t the elapsed time or distance 

in the s a m p l e . This means that the respect ive echoes a re in the same 

relat ive position as the reflecting s u r f a c e s . Their amplitudes are propor

tional to the quantity of reflected energy . The commonly used frequencies 

for ul t rasonic testing a r e between 1 and 15 MHz. At these f requencies , the 

acoustic impedance (acoust ic impedance is the product of the density of 

the par t icu lar medium and the acoustic velocity) of a i r is so unfavorable 

to t he propagation of ul trasonic waves that the t ransducer has to be 

coupled direct ly to the object to be t e s t ed . 



This coupling method is inconvenient if reproduceable resu l t s a r e expected 

and par t icu lar ly when a mechanical scanning has to be pe r fo rmed . 

Since water , unlike a i r , is a good conductor of ul t rasonic energy, it is 

used as a medium to t r ansmi t the ul trasonic wave produced by the crys ta l 

to the ma te r i a l to be t e s ted . 

Considering F i g . 1, when the t ransducer is energized, a bu r s t of sound 

waves is impar ted to the w a t e r . This b u r s t t ravels through the water and 

in a few mic ro - seconds reaches the test p i ece . At the water to metal 

interface, the acoustic wave is part ial ly ref lected, due to the impedance 

mismatch , and part ial ly propagated into the metal p a r t . The b u r s t energy 

is split into two por t ions , each traveling in opposite direct ions along the 

same a x i s . 

The wave propagating into the test p iece, when reaching the flaw splits 

again due to the acoustic mismatch as it did at the water metal in te r face . 

The only energy continuing in the meta l par t is that which has circumvented 

the defect . This par t of the sound wave is then reflected from the bottom 

of the test p i ece . 

Due to the different dis tances t raveled , the various portions of the original 

pulse a r r i ve back at the t ransducer at different t i m e s . When this informa

tion is displayed on an osci l loscope, it appears as a s e r i e s of pulses as 

shown on the bottom line of F i g . 1. 

For further l i t e r a tu re , see Ref. (1) and (2). 



3 . PRINCIPLE OF ULTRASONIC IDENTIFICATION 

As mentioned in § 2, a flaw, corresponding to an acoustic impedance 

mismatch , reflects part ial ly or in totality the ul t rasonic p r e s s u r e wave. 

This reflection (echo) when visualized on the sc reen of the ul t rasonic 

ins t rument , contains two i tems of information which a r e suitable for 

identification purposes : 

1) an amplitude information, proport ional to the geometr ic dimensions and 

to the orientation of the flaw and 

2) a d i s t a n c e i n f o r m a t i o n g iven by the dep th of the flaw in the t e s t p i e c e . 

In F i g . 2 , an u l t r a s o n i c t r a n s d u c e r Τ is w a t e r coupled to two d i f f e r en t 

t e s t p i e c e s . E a c h t e s t p i ece con t a in s a flaw of d i f f e r en t d i m e n s i o n s and 

a t a d i f fe ren t pos i t i on in the t e s t p i e c e . 

! ·* 
o 
■c 

ÍS 

Test piece n' 1 

Time base 

Dii 

Test piece n' 2 

d 1 

^ 

d 2 

F i g . 2  Example of u l t rasonic identification 

On the lower par t of F i g . 2, all the echoes obtained on the ul t rasonic 

ins t rument sc reen a re shown. F r o m left to r ight , we see f i rs t the 

t r ansmiss ion pulse , then the echo due to the reflection of the sound wave 

at the interface of the tes t p iece, then the echo due to the internal flaw 

and finally the back echo of the tes t p iece . 



Considering only the echo of the internal flaw, we have the possibili ty 

of identifying both tes t pieces by their relat ive echo amplitudes and echo 

d i s t ances . 
Test piece n 1 : amplitude a 1, distance d 1 
Test piece n 2 : amplitude a 2, distance d 2 

4 . USING A NATURAL MARK FOR IDENTIFICATION PURPOSES 

In many c a s e s , an inherent na tura l ma rk can be found which, when 

adequately scanned with an ul t rasonic t r ansduce r , can produce a document 

supplying a unique identity of the scanned p iece . Fo r instance, grain s i ze , 

s t r uc tu r e , welded seam geometry , bonding, natural d e f e c t s . . . a re some 

p a r a m e t e r s which might be used to discover an ul trasonic s igna ture . 

The inspection technique developed in 1969 for fuel e lement end plug welds 

(Ref. 3) is a p rac t ica l example of how the obtained document could be used 

to identify individual fuel p ins . 

In p rac t i ce , the information is re t r i eved in the following way. 

An ul trasonic t ransducer is positioned under water perpendicularly to the 

welded zone of a tube (Fig . 3) . At the water- tube interface, one par t of the 

p r e s s u r e wave is reflected and produces the f i r s t echo. 

WELDED ENDPLUG 

S.R. Β 

TIME 
RECORDER-
GATE 

NOT WELDED ENDPLUG 

S.R. Îllllllllllllllllll 

TIME 
RECORDER-
GATE 

ilium 

F i g . 3 - Weld control principle and ul trasonic ins t rument sc reen indica
tions for a) welded end plug and b) unwelded end plug. 
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The other par t of the acoustic p r e s s u r e wave t ravels into the tube wall 

and if welding is p resen t , t ravels through the end plug. If no weld ex i s t s , 

the air gap between the sheath and the end plug is responsible for the 

complete reflection of the res idual energy on the inner surface of the 

tube . This reflection produces the second echo on the ins t rument s c r e e n . 

The multiple reflections between the internal and external surfaces of 

the tube produce a s e r i e s of echoes with decreasing ampl i tudes . 

The difference of image obtained on the cathocferay tube for a welded or 

an unwelded zone is used to inspect the quality of the ent i re weld s e a m . 

Setting the r e c o r d e r gate just after the f i r s t echo, no signal will be 

p resen t for a welded zone; on the other hand, one or more echoes will 

be in the gate for an unwelded zone. 

For making the measu remen t , the neces sa ry e lements a r e (F ig . 4): 

a weld exploration mechan ism, an ul t rasonic ins t rument , a quantizer 

and a facsimile r e c o r d e r . The water tank contains the tube to be tested 

and the ul trasonic t r a n s d u c e r . 

MOTOR 

! 
1 

1 

! 
1 

— — r-:r_zz . : 

V, 

- ^ 

zz": Tzr 
_ 

UL 

A*WM/ 

TRASONIC 
INSTRUMENT 

: 

! 
F AC. 
SIM. 
REC. 

^ β QUANTISER 

F i g . 4 - Measurement set up 
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The exploration mechanism must provide the rotation of the tube and a l so , 

in order to insure perfect synchronization, the rotation of the facsimile 

r e c o r d e r d r u m . Another pa r t of the exploration mechanism provides for 

an axial d isplacement of the t ransducer over the weld s e a m . The quantizer 

is an e lectronic apparatus which enables e lec t r i ca l analogue signals to be 

quantized into prede te rmined levels before feeding them to a facsimile 

r e c o r d e r . 

The facsimile r e c o r d e r makes its recording by drawing an e lec t rosensi t ive 

paper between two e lect rodes when cu r ren t , re la ted to the analog signal , 

is passed between them. In the MUFAX reco rde r (Ref. 4), one electrode 

is a s ta inless s teel blade and the other a nickel chrome wire helix mounted 

on the per iphery of a ro t a ry d r u m . As the d rum to ta tes , the point of contact 

between the paper and the e lec t rodes moves ac ross the paper in a s e r i e s 

of closely spaced l i n e s . Electrolyt ic action at the point of contact causes 

a black deposition of iron from the blade onto the p a p e r . The d rum rotates 

in t ime with the tube to be tested so that one rotation corresponds with 

one line on the r e c o r d e r pape r . The advance of the paper is produced by 

a gear-down action in the r eco rde r itself. 

On the obtained document, (F ig . 5), the absc i s sa shows the angular position 

of the developed tube, the ordinate the length of the welding in the direct ion 

of the tube a x i s . 
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F i g . 5  Obtained document for a welded (a) and an unwelded (b) end plug, 
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As can be seen on both weld control documents , the weld seam geometr ies 

differ great ly from one to ano ther . Each geometry is unique and specific 

to the weld concerned . This document could easily be used as an identity 

or signature for the corresponding fuel p in . 

The use of a na tura l m a r k for indentification purposes is not always the ideal 

solution. It often leads to a ra ther difficult reading of the identity and may 

also be difficult to t rans form into digital information if the identity has to 

be computer ized . Therefore , a more convenient solution is to ma rk the 

test piece if poss ib le , with ar t i f icial inc lus ions . 

5 . USING ARTIFICIAL MARKS FOR IDENTIFICATION PURPOSES 

It is possible to introduce into mate r i a l s ar t i f icial marks which can be 

ul t rasonical ly detec ted . If these ar t i f ic ial marks (inclusions) have good 

reflection conditions for the ul trasonic wave and if they a re randomly 

d i spe r sed , the ul t rasonical ly obtainable information is unique and cor res 

ponds to a r ea l identity or "s igna ture" (finger p r in t ) . 

5 . 1 . Choice of the type of inclusion 

Every ma te r i a l has a charac te r i s t i c acoustic impedance, Z , which is 

defined as the product of density Ρ and the wave velocity c (usually 

longitudinal). Impedance is then given by: 

Ζ = ρ c kg /m / s e c . 

where Ρ = densi ty, k g / m 

c = velocity, m / s e c 
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When a plane wave propagating through a medium of acoustic impedance 

Ζ encounters under normal incidence another medium of acoust ic 

impedance Ζ , one par t of the wave is reflected and another par t is 

t ransmit ted into the second med ium. 

medium 

Ί = ?i ci 

incident wave (intensity Ii) 

reflected wave (intensity Ir) 
^ 

medium 

Z2 = P 2 C2 

t ransmi t ted wave (intensity It) 
Í » 

The ra t io between reflected wave intensity, I r , and incident wave 

intensity, Ii, is given by the reflection coefficient R (Ref. 1) 

R -
 Ir

 - f
Z z

"
z

M (1) 

The rat io between t ransmit ted wave intensity, It, and incident wave 

intensity, Ii, is given by the t r ansmis s ion coefficient T. 

TIL I f l i i 
Ii ,„ . „ ,2 

(2) 

( z 1 + z 2 ) 

The sum of the reflection and t r ansmiss ion coefficient is unity; i . e . 

R + Τ = 1 

The above defined reflection and t r ansmiss ion coefficients refer to the 

relat ive intensi t ies of the reflected and t ransmit ted wave in relat ionship 

to the incident wave. 
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If we consider the re la t ive acoust ical p r e s s u r e , we have: (Ref. 1) 

Z 2  Z l 2 Z 2 
R ' = z + z a n d T ' = Z + Z ( 3 > ' 

Z 2 + Z l Ζ 2 + Λ 1 

As an example , we calculate R' and T' on the w a t e r / s t e e l interface 

taking into account the equation (3) 

6 2 
Ζ (water) = 1,5 χ IC k g / m s 

6 2 
Ζ (steel) =45 χ 10 k g / m s 

Then 

_ 45  1,5 2.45 = χ 035 
* 45 + 1 , 5 U ' ^ b l 45 + 1 , 5 X ' * " 

Expressed in percentage the reflected wave has 93,5% of the sound 

p r e s s u r e of the incident wave . The t ransmi t ted wave has a sound p r e s s u r e 

of 193,5% of the incident p r e s s u r e . 

Considering the s t ee l /wa te r interface, we obtain following equation 

(3): 

In percen tage , the reflected wave has  93.5% of the incident sound 

p r e s s u r e and the t ransmi t ted p r e s s u r e 6.5% of the incident p r e s s u r e . 

The negative sign indicates a phase inversion in relat ionship to the 

incident wave. 

It seems s t range that the sound p r e s s u r e exceeds 100%. 

However according to the intensity equation: 

1 ■ \ 4
 w

/™
2 

where Ρ = sound p r e s s u r e in N / m 

Ζ = acoustic impedance in k g / m s 
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the intensity (or energy per unit time and unit area) is calculated not 

only from the sound p r e s s u r e but a lso in function of the acoustic 

impedance . As the acoust ic impedance of s teel is much g rea te r than 

the impedance of wa te r , the intensity of the t ransmi t ted wave is much 

smal le r in s teel than in water but the sound p r e s s u r e is much h igher . 

If now, for identification purposes , we intend to put inclusions of one 

ma te r i a l into another , the most important factor to take in account is 

their relat ive acoustic impedance . 

In fact, looking at equations (1), (2) and (3), it is c lear that the bes t 

reflection coefficient is obtained when Ζ > > Z or Ζ <<Z . 

Table 1 indicates the reflection coefficients of some ma te r i a l s which 

have been taken into considerat ion for identification p u r p o s e s . These 

values taken from Ref. 5 were calculated on the bas i s of equation (3). 

Phase r e v e r s a l is charac te r ized by a negative value of R and occurs 

in the case of reflection on a sonically softer m a t e r i a l . As it is more 

convenient (for instrumentat ion purposes) to obtain a reflected signal 

in phase , the reflection conditions we have to look for a r e : 

Z l « Z 2 



M A T E R I A L 

Ζ 
1 

P l e x i g l a s s 

A l u m i n u m 

S t a i n l e s s S tee l 

Wate r 

Z 2 

Z l 

3 , 2 

17 ,3 

4 4 , 8 

1 ,48 

<υ 
O H 

O H 

O 

υ 

41 

+ 86 

+ 42 

 32 

+ 93 

r—t 

M 
υ 

•H 

50 

+ 87 

+ 47 

+ 29 

+ 94 

Θ 
tu 

• 
co 

4 4 , 8 

+ 86 

+ 45 

0 

+ 93 

S 
d 
tí 

■H 

< 

17 ,3 

+ 68 

0 

 45 

+ 84 

u 

> 
«H 
• H 

C/3 

38 

+ 84 

+ 37 

 91 

+ 92 

tí 
(U 

Ό 
,Ο 
>> 

i-H 

O 

64 

+ 90 

+ 57 

+ 16 

+ 95 

d 
r—4 
π) 
+-> 
G 
ai 
H 

69 

+ 88 

+ 51 

+ 86 

+ 94 

tí 
tU 

+ j 

tn 
OJO 

tí 
d 

99 

+ 93 

+ 70 

+ 36 

+ 97 

u 
tu 
rt! 

1,48 

 37 

 84 

 94 

0 

tn 
tn 
rt 

ι—1 

ÖJO 
•H 

X 
CD 

r—i 

3 , 2 

0 

+ 68 

 86 

+ 37 

6 / 2 
Ζ = a c o u s t i c i m p e d a n c e for t l ong i tud ina l w a v e s in 10 k g / m s . 

Tab le 1 : Re f l ec t i on coef f ic ien t in % a t b o u n d a r i e s and n o r m a l i n c i d e n c e . 
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5 . 2 . Choice of the frequency of the ul t rasonic t ransducer 

In order to determine the most convenient frequency for detecting inclusions 

in a m a t e r i a l , different p a r a m e t e r s must be taken into account . Most 

important factors a r e : the dimensions of the inclusions, the grain size of 

the bas ic ma te r i a l and the absorpt ion of the ul t rasonic wave in the bas ic 

m a t e r i a l . 

5 . 2 . 1 . Dimensions of the_inclusions 

A longitudinal wave travel ing through a medium Z J is reflected by an 

inclusion Ζ if the dimension of this inclusion is large compared with the 

ul t rasonic wavelength. In other words , if smal l inclusions have to be 

considered, a high frequency t ransducer has to be used ( λ = — ) . In Table 2, 

some values of the wavelength a r e given for the basic ma te r i a l s taken 

into considerat ion for identification pu rpose s . 

~^--«^^^ frequency 

ma te r i aT*^-^^ 

Plexiglass 

Aluminum 

S. Steel 
Water 

1 MHz 
ζ 

2 , 7 

6,32 

5,90 
1,4 

5 MHz 

0,53 

1,26 

1,18 
0,29 

10 MHz 

0,27 

0,63 

0,59 
0, 14 

15 MHz 

0 ,18 

0,42 

0,39 
0,09 

2 0 MHz 

0,13 

0,31 

0,29 
0,07 

(mm) = — c = sound velocity f = frequency 

Table 2 : Wavelength in different ma te r i a l s as a function of the frequency 

5 . 2 . 2 . Grain size s t ruc ture 
The grain size of the bas ic ma te r i a l has to be considered with reguards to the 

wavelength of the u l t rasound . No defined rules exist (at this proposal) 

while grain size cannot be considered as an independent pa rame te r ; many 

o the r s , difficult to de te rmine , a re also involved: anisotropy, grain boundar ies , 
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The effect of g r a i n s i ze for non d e s t r u c t i v e t e s t i ng with u l t r a s o n i c s is 

tha t when the g r a i n s i z e is equa l o r g r e a t e r than the half wave leng th of 

the u l t r a s o u n d s c a t t e r i n g m a y o c c u r . 

By s c a t t e r i n g we m e a n tha t the u l t r a s o n i c wave is d iv ided into d i f f e ren t 

w a v e s p r o p a g a t i n g in r a d o m d i r e c t i o n s . This p h e n o m e n o n , r e p e a t e d a t 

e a c h g r a i n , p r o d u c e s a diffusion of the u l t r a s o n i c wave so tha t only a 

v e r y s m a l l p a r t of the inc iden t e n e r g y r e t u r n s to the t r a n s d u c e r . 

F o r the p r a c t i c a l d e t e r m i n a t i o n of the u l t r a s o n i c f r e q u e n c y in funct ion 

of the g r a i n s i z e , an e x p e r i m e n t a l l y def ined g u i d e - l i n e could b e : (Ref. 1) 

- when g r a i n s i z e is of the o r d e r of m a g n i t u d e of b e t w e e n 0 . 0 0 1 % and 

0 . 0 1 % of the u l t r a s o n i c w a v e l e n g t h no s c a t t e r i n g o c c u r s ; on the o the r 

hand for 0 . 1 % of the w a v e l e n g t h , s c a t t e r i n g can be so s t r o n g tha t no 

f u r t h e r c o n t r o l is p o s s i b l e . 

5 . 2 . 3 . A b s o r p t i o n 

A b s o r p t i o n is the d i r e c t c o n v e r s i o n of sound e n e r g y into h e a t . 

The a b s o r p t i o n has the effect of weaken ing the t r a n s m i t t e d e n e r g y and 

a l s o the e n e r g y of the e c h o e s f r o m the i n c l u s i o n s o r the b a c k w a l l . As a 

g e n e r a l r u l e , it m a y be c o n s i d e r e d tha t the a b s o r p t i o n is d i r e c t l y p r o p o r 

t iona l to the f r e q u e n c y . 

The a b s o r p t i o n effect can be c o m p e n s a t e d by the u l t r a s o n i c i n s t r u m e n t a 

t ion i n c r e a s i n g the t r a n s m i s s i o n pu l se vo l t age o r the a m p l i f i c a t i o n . 

5 . 3 . O the r c h a r a c t e r i s t i c s of the u l t r a s o n i c t r a n s d u c e r ( 6 . 7 . 8 . ) 

5 . 3 . 1 . D i a m e t e r of the p i e z o - e l e c t r i c e l e m e n t 

As in o p t i c s , the d i r e c t i v i t y of the p r o p a g a t e d e n e r g y is d e t e r m i n e d by the 

D / r a t i o , w h e r e D is the d i a m e t e r of the p i e z o - e l e c t r i c e l e m e n t and '\ 

the u l t r a s o n i c w a v e l e n g t h . The d i s p e r s i o n ang le of a p i e z o - e l e c t r i c e l e m e n t 

of one wave leng th d i a m e t e r is a p p r o x i m a t e l y 45 d e g r e e s . 

When D = 4 λ , th is angle is about 10 d e g r e e s . 
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In o rder to obtain good direct iv i ty , i . e . with a d ispers ion angle of less than 

5 d e g r e e s , a minimum D/\ ra t io of 20 is r ecommended . Table 3 l is ts for 

frequencies between 0,5 and 3 0 MHz, the d iameter of the p iezo-e lec t r i c 

ma te r i a l corresponding to 20 wavelengths . 

Frequency MHz 

0 , 5 

1 

2.25 

4 

5 

6 

10 

12 

15 

20 

30 

λ (mm) in water 

2 .98 

1.49 
0.662 

0.372 

0.298 

0.248 

0.149 

0.124 

0.099 

0.074 

0.050 

20 Λ. (mm) in water 

59 .6 

29 .8 

13.2 

7.44 

5.96 

4 .96 

2 .98 

2 .48 

1.96 

1.48 

1.00 

Table 3 : Recommended minimum c rys t a l d iamete r (20 λ ) 

5 . 3 . 2 . P r e s s u r e distr ibution along the acoustic axis of the t ransducer 

The p r e s s u r e distr ibution along the ax i s , for a c i r cu la r , flat p iezo-e lec t r ic 

element is given by the mathematic relat ion: (6) 

Ρ = 2 E sin (ka /4x) 

where Ρ = p r e s s u r e on the axial line 

E = relat ive maximal amplitude 

a = radius of the p iezo-e lement 

χ = distance 

k = (to/c) = (2 π f/c = (2 % / λ ) 

c = sound propagation velocity 

λ = wavelength of the ultrasound 

(4) 
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Developing the relat ion (4) for different points along the t ransducer ax is , 

the curve of F i g . 6 is obtained for a 5 MHz t r ansduce r , 20 mm d iamete r , 

i m m e r s e d in w a t e r . The maximal intensity points correspond to the values 

of χ for which the t e r m : 

sin (ka /4x) = 1 

These maxima appear for: 

χ = ka /Z% , ka /6-K , ka / l 0 % 

The minimum intensity points correspond to the values of χ for which the 

t e r m : 
2 

sin (kx /4x) = 0 

These minima appear for: 
2 , 

x = ka / 4 % , ka / 8 π , ka / l 2 π 

to 

UJ 

UJ 

-J 
Uj 
Q: 

NEAR FIELr FAR FIELD 

AXIAL DISTANCE 

F i g . 6 - Axial p r e s s u r e distr ibution 

The radiat ion pat tern of a t ransducer is composed of two energy zones , 

the near field (or F r e s n e l zone) and the far field (or Fraunhofer zone) . 

In contact test ing, both zones a re involved, by immers ion testing only 

the far field is used . 
. o , The near field extends from the las t maximum (y ) p r e s s u r e point to the 

t ransducer face . 
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The far field extends outward from the las t peak of the energy pa t t e rn . 

The axial positions of the maxima (y ) and minima (y ) for plane c i rcuì 

p iezoe lec t r ic e lement can be descr ibed by the equations: 

where m = 0 , 1 , 2 , 3 . . . (5) 
2 2, ,2 

+ _ 4 a  7v (2m+l) 
y 4>.(2m+l) 

2 2 2 
 _ a  \ m 

y = — T T Ï Ï I — 

where m = 1 , 2 , 3 . . . (6) 

where y = position of maxima along the cent ra l axis 

y = position of m i n i m a along the centra l axis 

a = radius of the p iezoe lec t r ic e lement 

X = wavelength of sound in the considered med ium. 

2 
As \ is insignificant in water compared to the r ad iu s , the last peak 

where m = 0 in equation (5) reduces to: 

y o = a A = - (7) 

where d = p iezoe lec t r i c e lement d i a m e t e r . 

As can be seen in F i g . 6, in the near field, the energy distr ibution is 

not homogeneous; on the cont rary in the far f ie ld , the homogeneity is 

much b e t t e r . It is therefore des i rable to per form the ul t rasonic inspec

tion in this a r e a , i . e . in the far field. 

Table 4 indicates the calculated values , on the bas i s of equation (7) of 

the y distance in mm, for some frequencies between 1 and 30 MHz and 

for p iezoe lec t r ic e lement d iamete r s from 1 to 32 m m . 

The scaled line indicates the 20 λ l imi t . These calculated values a re 

graphically represented in F i g . 7 . 
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Diameter of the p iezoelect r ic e lement (mm) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

• 11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

1.0 

1 J + d 
y ~ τ 

2.25 

2 

o 4\ 

1 6 
20 
24 
28 
32 
37 
42 
48 
54 
60 
67 
73 
81 
88 
96 
104 
113 
122 
131 
141 
151 
161 
171 

13 
18 
24 
30 
37 
45 
54 
64 
74 
85 
96 
109 
122 
136 
151 
167 
183 
200 
218 
236 
25 6 
276 
296 
318 
340 
3 64 
3 87 

4.0 

6 
10 
16 
24 
33 
43 
54 
67 
81 
97 

1 14 
132 
152 
172 
195 
218 
243 
270 
297 
327 
357 
3 89 
422 
45 6 
492 
529 
568 
608 
649 
691 

5.0 

7 
13 
21 
30 
41 
53 
68 
84 

101 
121 
142 
164 
189 
215 
242 
272 
303 
336 
370 
406 
444 
484 
525 
568 
612 
65 8 
706 
756 
807 
860 

6.0 

9 
16 
25 
36 
49 
64 
81 

101 
122 
145 
170 
197 
227 
258 
291 
327 
3 64 
404 
445 
488 
534 
581 
631 
682 
73 6 
791 
849 
909 
970 
1034 

10.0 

6 
15 
27 
42 
61 
83 

108 
137 
169 
205 
244 
286 
332 
3 81 
433 
489 
549 
611 
677 
747 
820 
896 
976 

1059 
1145 
1235 
1328 
1425 
1525 
1628 
1735 

12.0 

2 
8 

18 
32 
51 
73 
100 
130 
165 
204 
246 
293 
344 
400 
45 9 
522 
5 89 
661 
73 6 
816 
900 
987 

1079 
1175 
1275 
1379 
1487 
1600 
1716 
183 6 
1961 
2089 

15.0 

2,5 
10 
23 
41 
64 
92 
125 
164 
207 
256 
310 
3 69 
433 
502 
576 
65 6 
741 
830 
925 

1025 
1130 
1241 
1356 
1476 
1602 
1733 
1869 
2010 
2156 
23 07 
2464 
2625 

20.0 

3,4 
13 
31 
55 
86 
124 
168 
220 
279 
344 
417 
496 
5 82 
675 
775 
882 
996 

1117 
1244 
1379 
1520 
1668 
1824 
1986 
2155 
2331 
2513 
2703 
2900 
3103 
3313 
3531 

30.0 

5 
20 
45 
80 
125 
180 
245 
320 
405 
500 
605 
720 
845 
980 

1125 
1280 
1445 
1620 
1805 
2000 

+ 
Table 4 - Distance of the y point in wa te r . 
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ν* d 
Yos7\ 

kwater = H90m/stc 

DISTANCE OF THE Yt POINT IN WATER 

DIAMETER OFTHEFiEZO-ELECimC ELEMEf.r Immi 

+ F i g . 7 - Distance of the y point in water 

5 . 3 . 3 . Damping of the t ransducer 

In order to obtain separa te echoes from two inclusions, close to one 

another but at a slightly different d is tance , a high resolution t ransducer 

has to be used . In fact, the p iezo-e lec t r ic element must be re turned to 

a completely quiescent state after having received the echo from the f i rs t 

inclusion before receiving the echo from the second inclusion. Constructively, 

the resolut ion of a t ransducer is enhanced by damping the p iezo-e lec t r ic 

e lement . This damping also enlarges the frequency spec t rum of the 

t r ansduce r . In other words , high resolut ion t ransducers have a highly 

damped p iezo-e lec t r ic e lement and a large frequency spec t rum (Broadband 

t r ansduce r ) . 
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5 . 3 . 4 . Focused ul t rasonic t r ansducers 

In o rder to obtain separa te echoes from two inclusions, near each other 

and equi-dis tant from the t r ansduce r , a narrow ul t rasonic beam must 

be used so that both inclusions a re "seen" separate ly by the ul t rasonic 

wave. 

On the other hand, to obtain a maximal reflection, the inclusion should 

have the same dimension as the sound b e a m . F o r smal l inclusions ( i . e . 

much smal le r than the d iameter of the p iezo-e lec t r ic e lement) , both 

above mentioned conditions can only be fulfilled by using spherical ly 

focused t r a n s d u c e r s . 

In fact, for flat t r a n s d u c e r s , we have seen in F i g . 7 that at high frequencies 

the y distance in water is quite large and because of d i spers ion , the 

beam diameter is at leas t equal to the c rys ta l d iameter or even g r e a t e r . 

As descr ibed in Ref. 6 and 8, focusing of the ul t rasonic beam is possible 

with the use of l e n s e s . As the propagation velocity of ul t rasonic waves is 

lower in water than in plastic m a t e r i a l s , concave lenses made of ara ldi te 

or perspex a re used for focusing the sound b e a m . The two p a r a m e t e r s 

character iz ing the focusing of a t ransducer a r e : the d iameter of the c rys ta l 

and the radius of curvature of the lens . 

Focusing a t r ansducer always has the effect of reducing the y distance 

and is only useful for immers ion techniques . 

Using focused t r a n s d u c e r s , the par t of the sound beam to use is the focal 

zone i . e . the zone around the y point as indicated in F i g . 8. 
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AXIAL DISTANCE 

F i g . 8 - Axial p r e s s u r e distr ibution of a focused t ransducer , 
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On the next figure (Fig . 9), the soundbeam of a spher ica l focused t ransducer 

is shown. The focal distance is defined as the length of the liquid column 
+ 

between the lens and the focal point y 

The focal zone is the distance between the two half amplitude points (Fig. 8) 

and the beam d iameter at the focus is defined by the points where the 

amplitude drops to l / lO of the maximal amplitude va lue . 

FOCAL POINT 

BEAM DIAMETER 
AT FOCAL POINT 

FOCAL DISTANCE 

F i g . 9 - Soundbeam of a focused ul t rasonic t r ansduce r . 

5 . 3 . 5 . Cal ibra t ion of ul t rasonic t r ansducers 

Ultrasonic t r ansducers a re basical ly manufactured using following 

components (F ig . 10). P iezo-e lec t r i c c rys ta l (a), damping ma te r i a l (b), 

housing (c), acoustic lens (d), matching t r ans fo rmer (e), connecting 

cable (f). 
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F i g . 10 - Components of an ul t rasonic t r a n s d u c e r . 

Each of these components has its own cha rac t e r i s t i c s and must respond 

to cer ta in technological conditions in order to optimize the genera l 

cha rac te r i s t i c s of the t r a n s d u c e r . 

a) The p iezo-e lec t r i ca l c rys t a l : de te rmines the bas ic frequency of the 

t r a n s d u c e r . It has a metal l izat ion on both sides for applying the 

e lec t r ic excitation pu l se . 

b) The damping ma te r i a l is an absorbing ma te r i a l which ipedes the sound

wave propagating into the t ransducer to be reflected and to come 

back to the c r y s t a l . This damping can be of different kinds and de termines 

the bandwidth of the t r a n s d u c e r . A highly damped one is a broadband 

t r a n s d u c e r . 

c) The housing contains all the components and must be water tight for 

immers ion t r ansduce r s . 

d) Acoustic l e n s . This lens adjusts the focal distance of the t r ansducer at 

a convenient d i s t ance . 

e) The matching t r ans fo rmer adapts in a cer ta in manner the impedance of 

the generator to the impedance of the used p iezo-e lec t r ic m a t e r i a l . In 

cer ta in types of t r a n s d u c e r s , this t r ans fo rmer can be omit ted. 
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f) The connection cable must be e lec t r ica l ly adapted to the t r ansducer 

and also to the g e n e r a t o r . When long cables a r e to be used, the adapta

tion of this cable becomes more and more c r i t i c a l . 

Some examples of change in cha rac te r i s t i c s due to the components a r e 

given hereaf ter and their effect ve rsus a reference t ransducer is mentioned: 

- c rys ta l frequency is different: r esu l t s in a different resonant frequency, 

a displacement of the whole frequency spec t rum, a variat ion of the beam 

cha rac te r i s t i c s due to the different ra t io of wavelength to d iameter of the 

t r ansduce r , 

- damping element (backing) is different: resu l t s in a wider or a na r rower 

frequency spec t rum, 

- c rys ta l to lens bonding is imperfect : resu l t s in a considerable modifica

tion of the soundpressure of the emitted beam, 

- c rys ta l to backing bonding is imperfect : resu l t s in a considerable modifica

tion of the frequency spec t rum, 

- other lens c h a r a c t e r i s t i c s : resu l t in a modification of the sound beam 

(focal d is tance , beam d i a m e t e r . . .) 

- excentr ici ty of the c rys ta l in its housing : produces a misal ignment of the 

mechanical and the acoust ical axis of the t r ansducer , 

- c rys ta l not mounted perpendicular ly to the mechanical axis of the housing: 

resu l t s in an important misal ignment of the mechanical and acoust ical 

axis . 

Due to the grea t number of p a r a m e t e r s having a more or less important 

effect on the t ransducer c h a r a c t e r i s t i c s , it is easy to understand that it 

is quite impossible to produce se r i e s of t r ansducers with exactly the same 

e lec t r ica l and acoust ical c h a r a c t e r i s t i c s . It is therefore n e c e s s a r y , when 
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highly reproduceable resu l t s a re requ i red , to measu re out all possible 

p a r a m e t e r s of the t r ansduce r s and af terwards to se lect those t r ansducers 

having as near as possible equal c h a r a c t e r i s t i c s . 

All the above-mentionned cha rac t e r i s t i c s can actually be measured ei ther 

by e lec t r ica l or by sound beam profile m e a s u r e m e n t s . Some existing 

differences can be e lec t ron ica l ly compensated . 

Others , such as sound beam misal ignment can only be cor rec ted by making 

use of cal ibrat ion equipment in which the t ransducer is fixed in an intermed

iate ring after having cor rec ted the existing lack of al ignment (F ig . 11) on 

a reference r e f l ec to r . 

MECHANICAL AXES 

OPTICAL 
AXES 

I X REFLECTOR 

FALSE POSITION 

MECHANICAL AXES 

OPTICAL 
AXES 

RIGHT POSITION 

F i g . 11 - Correct ion of the misal ignment of an 
ul trasonic t r ansduce r . 
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This same equipment also 

p e r m i t s cor rec t ion of the 

eventual difference in focal 

ditance . Our cur ren t ca l ib ra 

tion equipment is i l lus t ra ted in 

F i g . 12. F i g . 13 is a picture 

of the centered t r a n s d u c e r . 

F i g . 12 - Misalignment calibra

tion equipment. 

F i g . 13 - Transducer mounted 

in the s tandard center

ing device . 

~'MËBB&ÊÊL 
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6. DEAD ZONE 

We have seen in § 5.1 that when an ul t rasonic wave propagates in a medium 

Ζ and en te rs in a medium Ζ , a par t of the incident wave is ref lec ted . 
J. ¿-

When using the immers ion technique the f i r s t medium is generally w a t e r . 

The second medium, according to the identification purpose , is p lexig lass , 

a luminium, or s ta inless s t e e l . 

Considering the reflection coefficients of Table 1 for these different media , 

we find: 

water  plexiglass 

water  aluminium 

water  s ta in less s teel 

37% 

84% 

93% 

This important quantity of reflected energy at the interface produces the 

"entry echo" visible on the sc reen of the ul t rasonic ins t rument . The width 

of this echo is proport ional to the reflection coefficient and produces a 

more or less large "dead zone" which impedes reflections from near 

surface inc lus ions . 
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7 . PRACTICAL CASES OF IDENTIFICATION WITH ARTIFICIAL MARKS 

7 . 1 . Identification of MTR type fuel e lement plate 

The method developed at the J . R . C . Ispra for ul t rasonic identification of 

MTR fuel plates consis ts in printing inside the pla te , during the fabr ica

tion p rocess and in the non active zone, some inclusions which can be 

detected ul t rasonic by scanning of the edge of the p lace . Ref. (9), (10). 

MTR fuel element plates a re sandwich elements made by rolling of three 

superposed aluminium p la tes , the cent ra l one being a frame into which 

the enriched fuel core is fitted (Fig . 14). 

190 

F i g . 14 - Initial sandwich for the fabrication of MTR p la t e s . 
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The zone m a r k e d Β on F i g . 14 wi l l be u sed to give an ident i ty to the fuel 

p l a t e . B e f o r e in i t i a t ing the ro l l ing p r o c e s s so ine i n c l u s i o n s of fo re ign 

m a t e r i a l ( tungs ten) a r e i n t r o d u c e d into th i s z o n e . Dur ing the ro l l i ng p h a s e , 

t h e s e i n c l u s i o n s a r e p r i n t e d into the m a t e r i a l and take r a n d o m p o s i t i o n s 

in the uppe r non a c t i v e p a r t of the p la te ( F i g . 15 ) . 

F i g . 15 - Pos i t i on ing of the a r t i f i c i a l m a r k s in an MTR p l a t e . 

To r e a d the u l t r a s o n i c ident i ty of such an MTR p l a t e , an u l t r a s o n i c t r a n s d u c e r 

is s e t up p e r p e n d i c u l a r l y to the edge of the p la te in such a m a n n e r tha t the 

p r e s s u r e wave p e n e t r a t e s into the MTR p l a t e . A m e c h a n i c a l scann ing along 

the edge r e v e a l s e c h o e s on the u l t r a s o n i c i n s t r u m e n t e a c h t ime the t r a n s d u c e r 

p a s s e s in f ron t of an i nc lu s ion ( F i g . 15) . 

T h e s e e c h o e s a r e s e l e c t e d by m e a n s of the e l e c t r o n i c ga te of the u l t r a s o n i c 

a p p a r a t u s and s e n t on to an ana log r e c o r d e r . The ana log i n f o r m a t i o n 
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(identity) can easi ly , if nece s sa ry , be t ransformed into digital information. 

In o rder to insure good and reproduceable coupling conditions between the 

t ransducer and the MTR plate , the measurement is made using water as 

couplant. 

The prac t ica l tes ts made in our laboratory have given very good r e s u l t s . 

The method may be considered highly useful for identifying single fuel 

plates . 

If, on the other hand, the identity measu remen t has to be performed on a 

mounted MTR fuel bundle, the mechanical scanning becomes so complicated 

that yet another identification method has been developed (rivet sea l , see 

further) Ref. (13) (14). 

7 . 2 . The use of seals for identification purposes 

7 . 2 . 1 . Types of seals 

As it is not always ei ther possible or des i rable to put ar t i f ic ial inclusions 

in ma te r i a l s which have to be protected by a tamperproof identification 

(or s ignature) , the J . R . C . Ispra developed a se r i e s of seals having an 

inherent signature and which can be used when no natura l rrarks a r e 

available Ref.(9) (10) (13) (14). 

Basically three types of seals have been rea l ized: 

- "genera l use" s e a l s , for sealing conta iners , doors , e t c . . . 

which a re already used by the Safeguard Direc tora te of Luxemburg, 

- LWR or "cap" seals used for the identification of LWR fuel bundles , 

- MTR or " r ive t" seals used for the identification of MTR fuel e l e m e n t s . 

All these seals can be identified in all environmental conditions (a i r , wate r , 

i r radia t ion and tempera ture) using the same principle and an electronic 

portable or static appara tus ; only the mechanical scanning has to be adapted 

to each type of s e a l . 
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7 . 2 . 2 . Fabr ica t ion 

The general cha rac t e r i s t i c s for the fabrication of marked seals were 

already descr ibed in the r epor t of Ref. (13). The main cha rac te r i s t i c s 

of the seals (composition, geometr ica l f o r m s , types of inclusions) depend 

on their p rac t ica l applications . 

Different methods, using the powder metal lurgy techniques have been 

set up for different types of s ea l s : 

- with a light mat r ix (plexiglass , a luminium, SAP) containing inclusions 

(bronze, tungsten, e t c . . ) 

- with a heavy mat r ix (s tainless steel) containing inclusions (tungsten) or 

without inclusions but identified by their own par t icular s t r u c t u r e . 

7 . 2 . 3 . Instrumentat ion for identity measu remen t with ul t rasonics 

The complete identification sys tem is composed of three bas ic e lements : 

a mechanical exploration mechan ism, an ul t rasonic ins t rument and a 

r e c o r d e r (F ig . 16). 

The mechanical exploration mechanism has to position the t r ansducer very 

prec ise ly and on the other hand to rotate the seal regular ly around its 

mechanical a x i s . The mechanical to lerances of the t r ansducer positioning 

sys tem Ref. (15) and the difference in cha rac t e r i s t i c s of var ious t ransducers 

of the same type and fabrication s e r i a l , can be defined (§ 5 . 3 . 5 . ) after a 

parame t r i ca l study to be pe r fo rmed for each application c a s e . 

The ul t rasonic ins t rument . 

Using a s tandard industr ia l ul t rasonic appara tus , very sat isfactory 

resul ts were obtained as was shown by the pa rame t r i ca l s tudy. Anyway, 

in order to increase the quality of the r e s u l t s , some modifications were 

made to the commerc ia l ins t ruments to render the position of the e lectronic 

gate highly r ep roduceab le . 

Fo r measu remen t s on the spot, a portable apparatus is current ly under 
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development (for the IAEA). This apparatus is completely antonomous, 

and is also provided with an automatic cal ibrat ion device . A digital 

output is optionally obtainable. 

The r e c o r d e r . 

The reg i s t ra t ion of the e lec t r i ca l output signals is made in analog f o r m . 

Most pen or photographic r e c o r d e r s can be used . The readout obtained is 

easy to in te rpre t and may be integrally or part ial ly used as an identity 

card (or s igna ture) . This analog information can be coded into a digital 

form for automatic s torage and checking. 

F i g . 16 - Example of a complete identification chain 

7 . 2 . 4 . General use seals 

The genera l use seals a re composed of a box and a cap, both made of 

s intered ma te r i a l (plas t ics , aluminium composi tes , s ta inless steel) 

containing metal l ic inclusions randomly d i spe r sed . 

These seals a r e to be used with tamperproof wires i The seal is closed 

by simply press ing the two par t s together , an internal retaining ring 
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providing an i r r eve r s ib l e c l o s u r e . Reopening is impossible without 

destroying the internal mark ing , which completely surrounds the locking 

sy s t em. (Fig . 17 and 18). 
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F i g . 17  General use seal 
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F i g . 18 - General use sea l , open and closed showing the tamperproof wire, 
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The ultrasonic scanning must be made in such a way that any tampering 

tentative resu l t s in a change of the ul t rasonic identification s igna l s . 

Therefore , this type of seal must be scanned in four different places as 

indicated on F i g . 19. 

The rad ia l exploration reads the identity or signature of the sea l , the axial 

exploration is e i the r , an integrity cont ro l . 
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F i g . 19  Ultrasonic scanning path for general use seal with an example of 
the documents obtained for each scanning. 

Radial exploration: Positioning the seal in the exploration mechanism, 

the only mechanical adjustment to make is to place the t ransducer at the 

c o r r e c t position for making the radia l explorat ion. This position is of 

course predefined on the exploration mechanism and is the same for the 

cap or the box par t of the genera l use s e a l . This being made , the 

rotat ional movement may be switched on. 

On the sc reen of the ul t rasonic ins t ruments if the gain setting is co r r ec t , 

an image as represen ted in F i g . 20 is displayed when four inclusions, 

a, b , c, d a r e in the ul t rasonic path. 

To have the c o r r e c t gain sett ing, the installation is cal ibrated ei ther on 

an ar t i f ic ial s tandard defect or on an inclusion of the s e a l . General ly, the 
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second method is used . Therefore , the display is observed during one 

rotation of the seal and the maximal obtained amplitude (from an inclusion) 

is set to correspond to a reference value, f. i . 80% or 100% of sc reen 

ampl i tude . The portable apparatus is provided with an automatic ca l ibra

tion device . 

WATER TO SEAL 

INTERFACE ECHO 

TIME BASE 

GATE 

A3 

M M 

\ ι ι 

A4 

Λ 

\DELA Y \ 
' TIMEÌ 

I m m* 
GATE WIDTH 

CENTRAL BORE 

ECHO 

F i g . 20  Display on the sc reen of the ul t rasonic ins t rument . 

In order to t ransfer to the r eco rde r only those informations due to 

inclusions, we must select out of the t ime base the zone between the 

water to seal interface echo and the cen t ra l bore echo (Fig . 20). This 

is made by the e lectronic gating c i r cu i t . This c i rcui t normally exists 

in most of the commerc ia l ly available ins t ruments but the s t a r t point and 

the width of the gate a r e adjusted by potent iometers and a re not p rec i se 

enough when highly reproduceable resu l t s must be obtained. In order to 

avoid these drawbacks , a digital gate was developed at the J . R . C . I s p r a . 

This gate dr iven by a 20 MHz clock, is synchronized with the front face 

of the water to seal interface echo . 

Three digits de termine the "delay t ime" and three other digits determine 

the gate width as indicated in F i g . 20 . The digital gate apparatus can be 

seen on Fig . 16. 



41 

All the information appearing in the gate is t ransmit ted through to the 

r e c o r d e r but in such a manner that only the maximal ampli tude, over the 

whole gate width, is memor ized and r eco rded . To make this phenomenon 

c l e a r e r , let us consider as examples following poss ib i l ies : 

- only information A, is seen on the sc reen , i . e . that A„ A„ and A Æ 
1 2 3 4 

a r e positioned at other angular positions in the s e a l . In this c a se , the 

maximal analogue value t ransmit ted to the r e c o r d e r will correspond 

to the maximal value of the A envelope shown in Fig; 20, 

- if A is seen at the same moment as A , for example, this means that 

the inclusions A and A a re near one to another in the seal and a re 

explored at the same moment by the sound b e a m . 
In this c a se , only the maximal value of A will be recorded , 

- if during the rotation of the seal the amplitude of A dec r ea se s while the 

amplitude of A i n c r e a s e s , the signal applied to the r e c o r d e r will 

dec rease until the amplitude of A and A a re at the same level , then 
i. c* 

the r eco rde r signal will increase again following the amplitude variat ion 

o f A 2 . 

An example of an identification document is shown in F i g . 2 1 . 
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F i g . 21 - Identity of a s e a l . 
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In order to i l lus t ra te the g rea t importance of p rec i se gate set t ing, let us 

consider two par t i cu la r conditions: 

- due to the drift of the gating c i rcui t , the ent i re gate shifts to the left in 

such a manner that a pa r t of the entrance echo is permanent ly inside the 

gate ( e . g . 50% ampl i tude) . This r e su l t s in a shift of the base line of the 

identification document to 50% amplutude when no inclusions a r e "seen" 

by the t r a n s d u c e r . Only these inclusions producing echoes higher than 

50% will modulate this base l ine . It is c lear that under these conditions, 

the original identity is completely modified. 

- due to the drift of the gating c i rcui t , the gate width d e c r e a s e s . 

Here the base line remains in its no rmal position but the information 

due to inclusions whose echo is now outside of the gate is los t . The 

identity obtained is here also modified. 

The digital gating c i rcui t developed at J . R . C . Ispra e l iminates these 

dangers as the c i rcui t is completely drift f r e e . 

Axial exploration : The axial exploration must be considered more as 

an integrity control than an identity check. This measu remen t should 

principally revea l that the sea l has not been tampered . Therefore , 

once m o r e , the gate positioning is very c r i t i ca l : i . e . for the box par t of 

the sea l , the gate width must be set in such a manner that the end of the 

gate is as near as possible to the "end echo" of the seal (F ig . 22a) 
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F i g . 22 a  Gate positioning for the box par t of a s ea l , 

b  Gate positioning for the cap par t of a s e a l . 
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F o r this measu remen t , it is not absolutely imperat ive to have information 

from inc lus ions . We then obtain a document with zero information. If the 

seal has been tampered the level at which it must b r eak is the zone 

of the notch in which the re ta iner ring is fixed. When testing the box in 

these broken conditions, an important echo (the new "end echo") will appear 

in the gate and reveal t amper ing . If on the other hand, the broken par t is 

glued into its original position, the glue, being a medium with a different 

acoustic impedance, produces an echo which also appears inside the gate 

and indicates t amper ing . 

For axial exploration of the cap par t of the sea l , the principle is the same 

as that for the box par t i . e . the sound beam must penetrate the leg as 

shown in F i g . 22b and the "end echo" must be v i s ib le . As this leg is very 

nar row, a fixed echo appears in correspondance with the upper edge of the 

notch. This fixed echo impedes the positioning of the gate in the same way 

as for the box . In this ca se , the solution retained is to monitor the ampl i 

tude of the "end e c h o " . The gate is therefore set in such a way that it 

covers only this "end echo" (Fig . 22b). The gain setting of the ins t rumenta

tion is increased in o rder to bring the amplitude of the back echo to 100%. 

The r e c o r d e r document will now indicate, when no inclusions in ter rupt the 

sound beam, a constant level at 100%. Eventual inclusions cause a momentary 

dec rease of this 100% amplitude l ine . 

Constructively, this par t of the seal is dimensioned so that, when a tampering 

at tempt occu r s , the lower par t of the leg b reaks at the level of the re ta iner 

ring notch. The ul t rasonic scanning of the broken leg produces an "end echo" 

out of the gate and no more information exists inside the ga te . The original 

100% information changes into a ze ro information and clear ly indicates 

t amper ing . 

Note: The gate setting for monitoring the "end echo" amplitude can also 

be used for the box par t of the seal as shown in F i g . 19. 
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7 . 2 . 5 . Cap s e a l s 

This type of s e a l was d e s i g n e d for the iden t i f i ca t ion of l ight w a t e r r e a c t o r 

fuel e l e m e n t s . The s e a l is a cap m a d e of s t a i n l e s s s t e e l which , fol lowing 

the g e n e r a l p r i n c i p l e , con ta in s r a n d o m l y d i s t r i b u t e d i n c l u s i o n s . Its 

con f igu ra t i on is shown in F i g . 2 3 . 

ÇS 6,7 -Q05 

F i g . 23 - Cap s e a l . 

F o r iden t i f i ca t ion p u r p o s e s , h e r e a l s o , two u l t r a s o n i c s c a n n i n g s have 

t o b e p e r f o r m e d . C o n t r a r y to the g e n e r a l use s e a l , the iden t i f i ca t ion is 

p e r f o r m e d scann ing in the a x i a l d i r e c t i o n and the i n t e g r i t y c o n t r o l , 

s cann ing in the r a d i a l s e n s e . 

F i g . 24 shows the s cann ing m o d e s for a cap s e a l . The ga te se t t ing for the 

iden t i ty m e a s u r e m e n t is m a d e in the s a m e way a s the r a d i a l e x p l o r a t i o n 

of a g e n e r a l u s e s e a l i . e . the ga te s t a r t s i m m e d i a t e l y a f t e r the i n t e r f a c e 
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echo and stops just before the bottom echo . 

For the integrity control the gate is set on the echo due to the cent ra l 

b o r e , in order to monitor the echo amplitude as for the axial exploration 

of the genera l use s e a l . Both obtained documents a r e represen ted in 

F i g . 24. 

"Ό 

F i g . 24 - Ultrasonic scanning mode for cap s e a l s . 

F o r this type of sea l , a special mechanical scanning device has been 

developed permit t ing the identification of a seal mounted on the LWR fuel 

e lement , placed in the cooling pool of the r e a c t o r . F o r identification, 

the exploration mechanism may be at a distance of 10 to 30 me te r s from 

the electronic ins t rumenta t ion . 

F o r this par t icu la r c a s e , special ca re has been taken to match the 

impedances of the t r ansducer , the cable and the ins t rumenta t ion . The 

use of a special pu l se r , made in our l abora to r i e s , has given really 

sat isfactory r e s u l t s . 
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7 . 2 . 6 . Rivet seal 

As shown in F i g . 25, the seal is composed of a disc into which the inclusions 

a re inser ted , and a cyl indrical foot used for positioning. 

F i g . 25 - Rivet sea l , left : before mounting, r ight : broken 

The mechanical dimensions of this type of seal a re ra ther smal l , an 

example is given in F i g . 26. 

Φ16.5Ϊ 0,05 

F i g . 26 - Dimensions and to lerances of a r ivet s e a l . 

This type of seal is the most complicated to identify u l t rasonica l ly . The 

ul trasonic beam must enter into the edge of the seal ; due to the th inness , 

a highly focused t ransducer must be used and be positioned very prec ise ly , 
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The principle of the ul t rasonic identification measuremen t is shown in 

F i g . 27. 

US Transducer 

Rivet Seal 

F i g . 27 - Rivet seal scanning device . 

As for the other types of s e a l s , the installation is cal ibrated ei ther on 

an ar t i f ic ia l s tandard or on an inclusion of the s e a l . 

The ul t rasonic wave entering the r ivet sea l i s , as in the other c a s e s , 

reflected on the ar t i f ic ia l inclusions but h e r e , due to the smal l size of 

the sea l , the wave is a lso reflected against the walls and other inclusions 

in such a way that much more information is obtained than the true quan

tity of inclusions p resen t in the s e a l . 

The gate setting can be normal : i . e . s t a r t just after the end of the entrance 

echo and stop at a distance corresponding to the cent ra l zone of the s e a l . 

In many c a s e s , it will be more convenient, in o rder to obtain a less 

complicated identification document, to select a much na r rower ga t e . 

Even in these conditions, due to the internal reflections (scat ter ing) , the 

identity informations a r e modulated by the inclusions which a r e not in 

the gated zone . The tamper proofness of the seal is then maintained. 
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An example of an identification document is shown in F i g . 28, 

..^■.■WwWj 
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2o+*>c rSìh 

F i g . 28  Identity document of a r ivet s e a l . 

8. GENERAL CONSIDERATIONS ON THE IDENTIFICATION CHAIN 

In order to simplify the operation p rocedure , the instrumentat ion must 

be as universal as poss ib le . Different types of seals made of different 

bas ic mate r ia l s a r e to be cons idered . F r o m the mechanical point of view, 

the exploration mechanism for "general use" seals can also explore cap 

s e a l s . Only for r ivet seals another mechanical scanning sys tem is needed. 
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Up to the present t ime the different ma te r i a l s used a r e : plexiglass with 

bronze inclusions, s in tered aluminium powder (SAP) with tungsten inclu

sions and s ta inless s teel with tungsten inc lus ions . 

Referring to paragraph 5, a g rea t many factors must be taken into account 

in o rde r to optimize the testing conditions for each type of s e a l . Our aim 

has been to define pract ical ly the construct ive p a r a m e t e r s and the testing 

pa r ame te r s in such a way that the fewest possible interchangeable par ts 

need to be used when passing from one type of seal to another . In p rac t i ce , 

we could find experimental ly one single t r ansducer able to measu re out 

the identity of all the above-descr ibed s e a l s . 

Of cou r se , measu remen t conditions such a s : gain set t ing, mechanical 

positioning of the t r ansduce r , gate set t ing, a r e different for each type of 

seal but these sett ings a r e basical ly defined in our l a b o r a t o r i e s . 

In the portable prototype at p resen t under development, the identity 

measu remen t will be st i l l further s implif ied. The most important changing 

p a r a m e t e r s a r e : suppress ion of the display on a cathode ray tube, automatic 

gain setting and simplification of the identity document due to the use of a 

new type of r eco rde r developed for this purpose in our l a b o r a t o r i e s . 

Optionally, a digital output can be incorpora ted . 
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9. DATA TREATMENT 

As can be seen from the scheme of F i g . 29, var ious a l ternat ives can be 

considered for the data t r ea tmen t . 
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0 ) + ΐ 2 ) + ( 3 ) - REDUCED CHAIN 
0 ) + ( 2 ) + ( 4 ) + ( 5 ) ■ COMPLETE CHAIN 

F i g . 29 - Data t rea tment possibil i t ies 

The reduced chain, composed of blocks (1), (2) and (3) makes no use of a 

r e c o r d e r . The identity document is obtained by making a photograph of 

the sc reen of the ul t rasonic ins t rument . 

A second possibil i ty is to make an analogical recording of the identi ty. 

This analog information is sent into a computer for data t r ea tmen t . 

A third possibil i ty is to t ransform the analog information emitted by the 

ul trasonic ins t rument into digital information by means of the digitalizer 

(4). The output of the digi tal izer is connected to a digital pr in ter and also 

to a computer compatible digital r e c o r d e r (5). 
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10. CONCLUSION 

All the different types of seals developed up to now in our labora tor ies 

can, using the same basic pr inc ip le , be identified ul t rasoni cal ly . 

The obtained signature can be a photograph or an i tem of analog or digital 

information. 

Fo r further applications other seals can be developed, always using 

the same p r inc ip le . The identification conditions mus t be defined for 

each individual type in a l abora to ry . 

Remote identification can be performed but somewhat more sophisticated 

circui ts a re recommended . 
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