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ULTRASONIC HEASUREHEHTS OF THIN METALLIC INTERNUM RE&W& 

B. W. Haxfield 

Lawrence Livermore Laboratory, L-333 

Uvensere, & 9S55S 

A typical braze j o i n t consists o f a metallic region which wets the surface of the two 

metals being joined, thereby achieving a bond of good mechanical in tegr i ty . An 

ultrasonic signal reflected from this bond can ncrmally distinguish between bonded and 

unbonded regions but gives l i t t l e information about the strength of such a region, for 

sow? brazes (and other bonding operations), there is a good correlation between thick

ness and bond strength In that a bond fa l l ing within a specified thickness range can be 

shown to perform adequately while both thinner and thicker bonds exhibit degraded 

perfOTMnce- For a 50 vm thick bra2e. ultrasonic reflections are "Separated" by 

roughly 16 fisec. For any real transducer ,th1 s means that z^enz is signif icant over-

lac i f the front and back surface reflections. We have studied a model system consisting 

of thin (12 to <50 i-n) aluminum banded to the back surface beryllium, By computer f i t t i n g 

the time dependence of the elastic distrubance reflected from the beryllium-aluminum 

region to a two-plane wave reflector model and allowing for multiple ref lect ion, we 

correctly predict the interface separations, details of the data aCQuisitlor and analysis. 

Includ'.'g the f i t t i n g procedure an4 an error analysis, are given. 

Accuracy depends upon the separation; a 60 um thick (2 n i l ) bond can be determined with 

an accuracy of at-out 20:. The thickness of highly graded joins, consisting of two 

different braze r-ateri a H , can be determined with an accuracy of about XV. 
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ULTRASONIC MEASUREMENT OF THIN METALLIC InTERFAUAL REGIONS 

B. w. Maxfield 
INTRODUCTION 

The jo in ing of metals, especially dissimilar on<*s, can P&SB many d i f f i c u l t 

problems, part icularly in s-—e high-technology areas where materials are often 

chosen in order to exploit certain special characteristics and not for ease of 

joining and assembly. For instance, metals that have their strength or other 

features by vir tue of a fceat treafeseM t i m e t subsequently fce tested above seme 

transformation or annealing temperature during any bonding operation without 

degradinj pc-formance. (In some cases, rapid heating followed by rapid cooling 

is permissible without signif icant reduction In material strength.) For some 

complex assemblies. I t can be desirable to l im i t the temperature and/or temperature 

gradients during joining. There are also materials that are raetallurgically 

incompatible, at least i f joins of even modest strengths are to be achieved. 

Although there Is no universal me^s for solving these joining problems, one 

general approach has. groven quite effective, "lech surface to be joined is coated 

with a metal to which i t w i l l adhere easily and strongly. Coating materials are 

chosen so that they an also be joined to each other under whatever bonding 

constraints *.h«t have been Imposed. For examplet a low tenj>er«ture, high strength 

bond between two stainless steel components can be achieved by depositing silver 

on each surface and ther applying low heat and pressure (stresses well within the 

elastic l im i t ) to effect a Si lver-si lver diffusion bond. 

A more comple* p.-oblem involves attaching beryllium (Be) to stainless steel. 

terjUiysa fsrr*, a %o\\£ s©\u\ion wHn aluminum \%"S) well below the melting point 

of &e. Stdinlesi steel can be coated with many metals, silver (ftg) 1s chosen in 
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t h i s case because Al -Ag i n t e r m e t f l l l i c s can form a s t r o n g bonding l a y e r . In a 

B e - s t a l n l e s s s t e e l j o i n , f t l i sometimes d e s i r a b l e * * p reven t t he Be f rom c o n t a c t i n g 

the s t a i n l e s s s t e e l ; consequent ly t he c o a t i n g l a y e r s are o f t e n made r a t h e r t h i c k , 

about 50 un (2 m i l s ) . 

Ac tua l bond ing parameters , such as the best c o a t i n g t h i c k n e s s and optimum tempera tu re , 

a re de termined e m p i r i c a l l y t h rough c o r r e l a t i o n o f these parameters w i t h n o n d e s t r u c t i v e 

and d e s t r u c t i v e t e s t s and m e t a l l o g r a p h l c s t u d i e s . For some B e - s t a i n l e s s s t e e l j o i n s , 

bond l a y e r t h i c k n e s s t u rns o u t t o be an impor tan t parameter . For oi ie o f ou r p rob lems, 

a t h i ckness o f about 80 urn was chosen. I t was necessary t o measure the f i n a l bond 

th i ckness t o i n s u r e t h a t a s t r o n g j o i n t was ach ieved . U l t r a s o n i c s was chosen as the 

best method. 

EXPERIMENTAL APPROACH 

There are s e v e r a l p r a c t i c a l problems assoc ia ted w i t h the u l t r a s o n i c measurement o f 

f n t e r f a e i a l *"fig<ons less t h i n a f«w hundred mic rons t h i c k . A t t e n j a t i o n p laces a 

p r a c t i c a l upper l i m i t or the f requency- The cong ress iona l wave t r a n s i t t ime i n 

aluminum i s 0 . 16 nsec/um. A t h i c k n e s s d e t e r m i n a t i o n r equ i r es measur ing the t ime 

between f r o n t and back su r face r e f l e c t i o n s . Th is was t o be accompl ished w i t h 

e x i s t i n g commercia l t ransducers which are a v a i l a b l e w i t h pu l se w id ths ( f u l l w i d t h 

a t ^a l f -max imun vo l tage l e v e l ) r ang ing down t o 50 nsec. Hence, such a measurement 

requ i res s e p a r a t i n g r e f l e c t i o n s t h a t ove r lap s u b s t a n t i a l l y . 

I t i s i m p o r t a n t t o de te rm ine , under tHe best p o s s i b l e c o n d i t i o n s , j u s t how c lose 

two r e f l e c t o r s can be and s t i l l y i e l d r e f l e c t i o n s t h a t can De separated - e l 1 ' a b l y . 

To accompl ish t h i s , the t e s t spE.imen shown i n F i $ . l a was f a b r i c a t e d . Aluminum 

was vacuum mel ted j u s t above i t s m e l t i n g p o i n t on to the pre-machined Be form and 

then faced on a l a t h e to produce the f i n a l t e s t b l o c k . Prepared i n t h i s way, the 

Al a l l o y s w i t h the Be y e t produces a sharp boundary. 
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The 8e/Al test specimen is supported in a water bath (see Fig. lb) at a few points 

irciuivi tt-,e rw,, & wmitial 25 Wta, focused transducer with I ts axis normal to ;he 

surface directs cwiprssr'onal elastic energy to a region about 1 urn in diameter at 

the Be/Al interface as snown 1n Fig. lb . The same transducer is used to detect 

the reflected «ignal. Mode conversion due to the converging focused beam also 

generates shear waves at both the upper and lower surfaces. 

The transducer ; s excited using a rectangular pulse about 30 nsec wide. Figure Z 

shows a typical reflection from the Be/Al interface, the two smaller signals 

resulting from mode conversion and shear wave propagation In the Be. This wave

form 1s recorded using a transient recorder iBlomation 650^ sampling once every 

2 nsec. In order to fac i l i ta te curve f i t t i ng (Jat? 1nt*v*#tat ion), 64 consecutive 

signals are summed to increase the signal-to-noise rat io . Data is input to a 

computer for analysis as described in a later section. 

THE MODEL 

A simple y<!t physically reasonable model expresses the reflected signal, u ( t j , in 

terms of a reference signal, u R ( t ) , which is a measure of the incident elastic 

waveforn; namely 

u(t) = Z V ( t ' T i } ( 1 J 

u R ( t ) - f{t) + n( t ) (2) 

where n(t) is the noise that is Invariably superimposed upon the Incident and 

reflected e last f r wave responses. The function u R ( t ) is obtained experimentally 

by mcisurinq the reflection from a single, sharp interface. For example, the 
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beryl Hum-water reflection near the rfm of the specimen ;an be used for this purpose. 

The interfaclai signal is then expressed as the sum of amplitude-scaled and time-

shifted responses to account for k i th priwary snd secondary or imil t iple reflections. 

One obvious disadvantage of this method is that some a pr ior i knowledge of the bond 

structure is required. This i s , however, usually available from netallogrdphic 

studies. 

The bes* values of the model parameters, ( a ^ ) . a r e obtained by minimizing the 

sum of ;he squared differences between u(t) and u R ( t ) ; namely, one minimizes 

1 - ^ i ( t ) - u R ( t ] ) ? ' d t (3) 

DATA AHALVSJS 

There are numerous practical problems If obtaining a suff ic ient ly accurate f i t to 

allow thickness changes as snail as 5 i.m f be detected rel iably. A distance of 

5 urn corresponds to a round-trip transit time of about 2 nsec, the sampling Interval. 

Thus, sampler at a 2 nsec interval do not, for our purposes, define a continuous 

function, especially in the presence of noise. Since f ( t ) is basically the ;ransient 

response of a damped resonator, i t is inherently smooth in the absence of noise. 

An interpolation scheme was developed' to obtain intermediate points such that their 

fast Fourier transform matched as closely as possible the fu l l inteqral transform 

of the signal, Actual system isoHe is included on a stat ist ical basis for each 

punt (any noise spectrum can be incorporatpd in the analysis). In this way, one 

obtains a continuous function for curve *"itt inq. 
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Reflections from region? i,C,D,E and F (see Fig. la) were analyzed for a reflected 

signal of the form 

u(t) - O-a) f ( t ) + n { 2 - a ) X { l - f i ) n 0 - a ) n ~ V n k T V f ( t -n r ) (4) 

where O-u) * s t h e 8e-to-Al reflection coeff ic ient, {1-8) is the Al-to-water 

reflection coeff icient, v is the congressional wave velocity 1n A l , t: i s 4 dancing 

factor, T is the round t r i p transit time in Al and n indexes the number of 

reflections within the Al , Factors a and S are used as f i t t i n g parameters but 

shwld not be much different from their expected values of a * 1.15, B = 1-88, i f 

a rel iable f U has been achieved. Curve f i t t i n g is not very sensitive to the 

dat ing factor, K, oa lony o> I t is sufficient to allow tor more than two weakly 

damped reverberations. 

RESULTS 

The curve f i t t i n g procedure Just described determines the time between reflections 

caused by abrupt changes in the acoustic impedance. f «r the test specimen, the 

Al thickness is determined direct ly frwn d » 0.5 VT, where v - 6,4 x lG30i/sec. 

Table 1 summarizes our results when only two reflectors arc assumed with no 

reverberations. For each round t r i p transit time, an estimate of the f i t t i n g 

accuracy is tabulated. This estimate results from a rather complex computation. 

To each ref lect ion amplitude is added a random signal representative of the system 

noise. /. spectrum of transit times is then calculated to arrive at the error 

estimate cuoted in Table I . Obviously, as the reflections become closer, any 

given noise level creates a greater uaccrUlnt^ 1^ the UfcwH t w . Ihft t»\wrt»t«J 

end actual thic^eises are within the uncertainties established by our sfrnr 



analysis procedure for a l l except region C. A reason for this difference has not 

yet been found. 

for n * 1 1n Eq. (4), ths two reflections should have a.n ssplU'jite rs t fo of -5.5. 

Table I shows that for the largest transit time (region B3, the amplitude rat io 

is indeed -5.5 but, as the transit time decreases, this ratio also decreases. 

Thus, to some extent, the curve f i t t i n g can compensate for t ransi t time changes 

by amplitude changes and vice versa. 

Thickness determination for the Ba-stalnless steel jo in u a,cn more d i f f i cu l t for 

several reasons. F i rs t , the compressional sound velocity in si lver is 3.7 x 10 m/sec, 

i&uch dif ferent from A l . Metallography of a section bond shows regions of Al near 

the Be interface and of Ag near the stainless-steel interface. Between the Al and 

Ag is a mixture of varying composition. When averaged over the beam area 

(about 1 mm), however, the sound travels through roughly equal amounts of Al and Ag; 

consequently an average velocity given by v g = O.S (€.4+3.7) x 10 m/sec = S.DS x 10 in/sec 

1s used for thickness determination. Results of measurements on a Be-stainless steel 

bro-e j o i n t are summarized in Table I I , Accuracies are somewhat less than that 

achieved with the Be-Al test specimen. 

SUHKARY 

A number o f di f ferent procedures have been used to analyze results of the tyre 

presented in this paper. Spectrum on Fourier analysis can work well for essentially 

noise-free signals but the accuracy of any inversion or transform can be influenced 

dramatically ty the presence of noise. Our f i t t i n g procedure requires a reference 

signal that is a fai thful reproduction of the incident elastic disturbance. In 

practice, this requirement ones not di f fer signif icant ly from the Fourier transform 

approach where a "good" reflection must be available in order to determine the 

transducer response. The interpolation scheme that we use to obtain a continuous 

function coulc be used to obtain a nere accurate transform. I t is our experience, 

however, that the f i t t i n g procedure described yields more accurate results. 

f 
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