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INVESTIGATION OF FRACTURE IN PRESSURIZED GAS METAL ARC WELDED BERYLLIUM 

Clinton R. Heiple, Richard J. Merlini, and Richard O. Adams 

Abstract. Premature failures during proof testing 
of pressurized-gas-metal-arc (PGMA) welded 
beryllium assemblies were investigated. The failures 
were almost entirely within the beryllium (a 
forming grade, similar to HP-10 or S-240), close to 
and parallel to the weld interface. The aluminum-
silicon weld filler metal deposit was not centered 
in the weld groove in the failed assemblies, and 
failure occurred on the side of the weld opposite 
the bias in the weld deposit. Tensile tests of 
welded samples demonstrated that the failures 
were unrelated to residual machining damage from 
cutting the weld groove, and indicated small lack-
of-fusion areas near the weld start to be the most 
likely origin of the failures. Acoustic emission was 
monitored during tensile tests of the welds. The 
majority of acoustic emission was probably from 
crack propagation through the weld filler metal. 
Tensile bars cut from the region of the weld start 
behaved differently; they failed at lower loads 
and exhibited an acoustic emission behavior 
believed to be from cracking in the weld metal-
beryllium interface. Improvement in the quality 
of these and similar beryllium welds can therefore 
most likely be made by centering the weld deposit 
and reducing the size of the weld start defect. 

INTRODUCTION 

In late 1973, a new grade of pressed powder 
beryllium was introduced into the production 
stream at Rocky Flats Plant. The new grade was 
purchased to Specification P-31664 and is similar 
to Kawecki Berylco Industries (KBI) Grade HP-10 
and Brush-Wellman Grade S-240. These grades 
exhibit good high temperature ductiUty and 
formability. The beryllium is used in assemblies 
welded by the pressurized gas metal arc (PGMA) 
process using an aluminum 12-weight percent 
silicon (Al 12-wt % Si) filler metal. 

Shortly after the introduction of the P-31664 
beryllium, occasional failures of these assemblies 

began to occur during proof testing. These failures 
were of a type not previously associated with welded 
beryllium parts of the same general geometry, and 
were distinguished from others because of the location 
of the fracture path. The fracture was almost 
entirely within the beryllium; parallel to and near 
the weld metal-beryllium interface. Fractures in 
earlier beryllium grades had either been in the weld 
metal itself, or in the beryllium some distance from 
the weld (with many secondary cracks branching 
away from the main crack). In addition to failures 
during proof testing, a number of proof tests were 
stopped and the assemblies subsequently reworked 
because of acoustic emission behavior during the 
proof test which portended imminent fracture. 

PRELIMINARY INVESTIGATION 

An investigation of the nature of the failures in 
welded assemblies was undertaken first. Portions 
of the fracture surfaces were examined using a 
scanning electron microscope. Scanning X-ray 
fluorescence micrographs were also taken to 
determine the elemental composition of various 
features observed. The weld region was then 
sectioned and the poUshed cross-sections examined 
metallographically. 

As noted from cross sections of the weld, the weld 
deposit was not centered in the weld groove, 
particularly in those regions where the fracture 
path was close to the weld metal-berylUum interface. 
The weld deposit was biased to the side of the weld 
groove opposite the fracture. 

The fracture path was primarily in the beryllium 
and was generally parallel to the weld metal-
berylUum interface. Often only a few grains of 
beryllium separated the weld interface and the 
fracture surface (Figure 1). The fracture surface 
was typical of a room-temperature tensile failure 
in powder-source beryllium and did not exhibit 
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FIGURE 3. Portion of a failure in a welded assembly 
where failure occurred in the weld metal-beryllium 
interface, showing machining (vertical) marks on 
the beryllium. Scanning electron micrograph. 

FIGURE 2. Portion of a welded assembly where failure 
occurred partly in the weld metal-beryllium interface 
(arrow). Hole A is shown at higher magnification in Figure 5. 

FIGURE 4. Machining marks impressed on the aluminum-
silicon weld metal where it contacted the weld groove with
out melting the beryllium. Scanning electron micrograph. 
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FIGURE 6. Cracks in the beryllium, at the weld metal-
beryllium interface, filled with weld filler metal. Region in
dicated by arrow is shown in Figure 7 at higher magnification. 

chevron or other markings which could be used to 
locate the fracture initiation point. Occasionally 
a small portion of the fracture path was along the 
weld metal-beryllium interface (Figure 2). In these 
areas, machining marks from cutting the weld 
groove were clearly visible on the beryllium 
(Figure 3). These marks (vertical lines) could 
usually be also seen on the weld metal on the 
other side of the fracture (Figure 4). The regions 
of interfacial failure were areas where no melting 
of the beryllium occurred. A hole was seen in 
the weld metal at the root of the weld in one 
sample (Figure 5), and is believed to be located at 
the weld start. 

Deformation twins were also noted near the fracture 
surface. The twins were not present on the side of 
the weld groove to which the weld deposit was 
biased, and they had only rarely been seen near 
welds in beryllium purchased to previous specifi
cations. These twins could have originated during 
the machining of the weld groove. Damage in the 

surface layer from careful machining of beryllium 
consists largely of deformation twins with possibly 
a few microcracks.' 

Small cracks in the beryllium were also seen in 
poUshed cross sections of the weld (Figure 6). 
These cracks were filled with weld metal (Figures 
7 and 8), and presumably arose from thermal 
stresses during cooUng of the weld. The large 
difference in melting point between the beryllium 
and the weld filler metal makes possible substantial 
thermal stresses in the beryllium while the weld 
filler metal is still molten. These cracks are 
unlikely to have arisen from liquid-metal embrit-
tlement because tensile tests of beryllium in contact 
with the liquid weld metal have shown neither a 
reduction in ductiUty nor a preference for failure 
under the liquid alloy .̂  

•M.I. Jacobson,F.M. Almeter,and E.C. Burke. "Surface 
Damage in Beryllium." Transactions, American Society for 
Metals 55:492. 1962. 

^Clinton R. Heiple. Unpublished Research. 1975. 
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FIGURE 7. Cracks in the beryllium (dark), at the 
weld metal-beryllium interface, filled with weld 
filler metal (light). Scanning electron micrograph. 

These observations were consistent with a 
hypothesis that the failures followed a layer of 
berylUum containing machining damage not 
removed by welding. This layer presumably 
remained from the original machining of the parts 
because not enough heat was supplied to one side 
of the weld to anneal out the twins. Since twins 
were rarely seen near welds in assembhes welded 
from previous grades of beryllium, the new forming 
grade was assumed to be either more susceptible 
to machining damage or more resistant to its 
removal by annealing with arc heat. 

EXPERIMENTAL PROCEDURE 

To test the hypothesis that these failures were 
related to residual machining damage and to develop 
additional information about these failures, 

FIGURE 8. Scanning X-ray fluorescence micrograph, 
usmg aluminum K-alpha emission, of the area shown 
in Figure 7 demonstrating weld metal penetration 
of the beryllium cracks. Density of white dots 
is proportional to local aluminum concentration. 

additional experiments were conducted. Ring-
shaped berylHum samples approximately 152 
millimetres (mm) (6 inches) in diameter were 
machined from the same grade of berylhum used in 
the welded assemblies. A weld groove with the 
same groove cross section used in the welded 
assemblies was machined on one edge of each ring 
(Figure 9). Half of the grooves were machined 
with a final cut of 0.13 millimetres (mm) (0.005 
inches), while the others were finished with a 
0.51 mm (0.020 inches) final cut in order to leave 
different severities of machining damage. Some of 
the rings were then annealed at 760 °C for 2 hours, 
others were etched 0.13 mm (0.005 inches), while 
others were left as machined. The etching and 
annealing treatments are known to remove all or 
part of the machining damage.^ 

The rings were then PGMA welded together in 
pairs, yielding the combinations listed in Table I. 

^Ibid. 
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FIGURE 9. Weld groove geometry. 

TABLE I. Ring-set combinations. 

Ring 
Set 

1 

2 

3 

4 

5 

6 

Side A 
/depth of final machine ̂  
1 cut in inches, and 
\ subsequent treatment y 

0.005 Etched 

0.020 Etched 

0.005 Etched 

0.020 Etched 

0.005 Heat-treated 

0.020 Heat-treated 

NOTE: For SI (metric) use: 

Side B 
, /depth of final machineX 

1 cut in inches, and j 
\ subsequent treatment / 

0.005 Heat-treated 

0.020 Heat-treated 

0.005 As Machined 

0.020 As Machined 

0.005 As Machined 

0.020 As Machined 

1 inch = 25.4 millimetres. 

An attempt was made to position the ring pairs in 
the welding fixture so that the welding arc would 
start biased to one side of the weld groove, 
gradually cross over to the other side (reaching 
the maximum deviation from the center at a 
position 180 degrees from the start) and then 
return to the starting point. This was done to 
produce a varying welding arc bias. 

4 i I 
0.26 

i. 
0.52 

•SI 0.6- •« 0.251 

1.8 

-0.1 

c 

FIGURE 10. Tensile bar geometry (inch dimensions). 

Sixteen tensile bars with a 1.3 cm (0.5 inch) gage 
(gauge) length were machined from each set of 
welded rings, with the weld centered in the gage 
length of the tensile bars. The tensile bar geometry 
is shown in Figure 10. The tensile bars were not 
etched prior to testing to avoid possible preferential 
attack of the weld metal or the weld metal-
beryllium interface. The welded assembhes are 
not etched prior to proof testing either. Tensile 
tests were performed at a crosshead rate of 
0.05 mm per minute (0.002 inches per minute), 
producing an initial strain rate of 0.004 per minute. 

Acoustic emission from the tensile bars was monitored 
during the tensile tests. The acoustic emission 
parameters measured were the summation of the 
energy emitted and the summation of the number 
of bursts. From these data, the average burst rate 
and average energy per burst were determined as a 
function of time during the tensile tests. 

5 
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FIGURE 11. Pinhole preloading setup (inch dimensions). 

The acoustic emission system used was made from 
Dunegan/Endenco (D/E) modules. The output 
from a S140 transducer was ampUfied by a Model-
802P preamplifier and fed to two Model-301 
totahzers. Total system gain was 85 decibels (db) 
with a frequency band pass of 100 to 300 kilohertz 
(kHz). Energy was determined using a D/E 
Model-602 energy module, and the burst rate by 
using a D/E Model-905 digital envelope processor 
to count the number of bursts emitted. (The 
energy measurement is only a determination of 
the relative energy in the transduced acoustic 
emission signals. Measurements from different 
samples with the same geometry are comparable 
provided the gain and band pass are the same.) 
The bursts were examined using a Biomation 
Model-810 transient recorder. 

Except as noted below, the tensile-bar pinholes 
were preloaded prior to testing by loading the ends 
in compression to approximately twice the expected 
fracture load, as shown in Figure 11, in order to 
reduce or eliminate acoustic emission from the 
pinhole regions during testing.^ Tensile bars from 
ring set 6 (see Table I) and two tensile bars from 
ring set 4 were not preloaded so that the effect of 
preloading could be measured. 

""H. L. Dunegan, D. O. Harris, and C. A. Tatro. "Fracture 
Analysis by Use of Acoustic Emission." Engineering Fracture 
Mechanics 1:105. 1968. 

WELD 

PARALLEL 

DEFECT 

HEAT AFFECTED 
ZONE 

BULK 

FIGURE 12. Failure types. 

RESULTS AND DISCUSSION 

Tensile Properties and Fracture Types: 

Five types of failures occurred in the tensile bars, 
as illustrated in Figure 12. V^eld-type failures 

6 
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TABLE II. Failure-type distribution and tensile properties of the ring sets. 

Failure Types 
Ultimate Tensile 

Ring 
Set 

1 

2 

3 

4 

5 

6 

Weld 

9 

11 

5 

7 

0 

12 

ParaUel 

0 

1 

3 

2 

3 

2 

Defect 

0 

0 

1 

1 

1 

0 

Heat Affected 
Zone 

3 

2 

2 

1 

2 

2 

NOTE: FO! 
and 

Bulk 

4 

2 

5 

5 

10 

Side A 

0 

9 

1 

5 

4 

Bias 

SideB 

12 

7 

13 

10 

11 

None 

4 

0 

2 

1 

1 

/thousand poundsX 
\ p e r square inch / 

0 0 16 0 

: SI (metric) use: 1 ksi = 7 megapascals (MPa), 
I 1 inch = 25.4 millimetres. 

28.0 

28.7 

28.0 

29.3 

29.5 

26.2 

(inches) 

48 X 10-* 

46 X 10-* 

44 X IQ-* 

54 X 10-" 

25 X 10-" 

60 X 10-" 

occurred by crack propagation from the weld root 
through the weld metal. Parallel-type failures, as 
those seen in welded assemblies, were in the 
berylhum, parallel and close to the weld metal-
berylhum interface. Defect-type failures were 
similar to parallel-type failures, except that a 
significant portion of the failure was along the 
weld metal-beryllium interface, including the root 
of the weld. All samples which exhibited defect-
type failures were cut from the welded rings in the 
region of the weld start. Heat-affected-zone 
(HAZ)-type failures were parallel to the weld 
interface, a moderate distance from it, and 
intersected the land below the root of the weld. 
Bulk or base-metal type failures occurred well 
away from the weld, did not intersect the land, 
and were not parallel to the weld interface. As 
indicated in Figure 12, a crack initiated at the root 
of the weld deposit and propagated some distance 
into the weld metal before failure occurred either 
there or elsewhere for all failure types except the 
defect type. 

A summary of the distribution of failure types from 
the different rings and the average tensile properties 
of samples from each ring is given in Table II. The 
ultimate tensile stress was calculated from the 
maximum load and used the original sample cross-
sectional area minus the area of the land. 

Nonelastic deformation (total deformation minus 
elastic deformation) was measured from the load-
time curve. No conversion to plastic strain was 
made because of the highly inhomogeneous nature 
of the deformation and because much of the sample 
extension consisted of displacement from crack 
propagation. A summary of the tensile properties 
of the tensile bars, and the location of the failures 
with respect to the weld bias, grouped according to 
failure type is given in Table IIL 

The average maximum stress attained for the various 
failure types was not different, except for the 
defect-type failures which occurred at low stresses. 
The bulk-type failures occurred at the highest 
average stress, which would be expected. This type 
of failure was not anticipated because the depth of 
weld penetration was about 50 percent of the 
specimen thickness and the highest average stress 
reached away from the weld was less than 20,000 
pounds per square inch [140 megapascals (MPa)]. 
Apparently when the weld was strong, the 
combination of machining damage from cutting 
the tensile bars and bending stresses due to the 
axial asymmetry of the tensile bars was enough 
to cause crack initiation away from the weld. 
The nonelastic deformation to failure was highest 
for the weld-type failures because of displacement 
from slow-crack propagation. 

7 
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TABLE ni. Tensile properties versus failure types. 

Failure Type 

Weld 

ParaUel 

Defect 

Heat Affected Zone 

Bulk 

Number 
Involved 

43 

10 

3 

12 

26 

Ultimate Tensile 
Strength 

/thousand poundsX 
yper square inch j 

27.1 

30.1 

14.7 

27.4 

31.5 

NOTE: For SI (met 
and 1 inch = 

ric) 

Average Nonelastic 
Deformation to Fracture 

(inches) 

62 X 10-" 

30 X 10-" 

13 X 10-" 

42 X 10-" 

32 X 10-" 

use: 1 ksi = 7 megapascals (MPa), 
= 25.4 millimetres. 

Hot Side 
Failures 

-
1 

2 

3 

13 

Unbiased 
Failures 

6 

1 

0 

0 

1 

Cold Side 
Failures 

-
9 

1 

9 

12 

The differences between strength and deformation 
to failure associated with the different types of 
failures are sufficient to account for most of the 
differences observed in tensile properties between 
the ring sets. For example. Ring Set 5 had a high 
fraction of bulk-type failures, hence a high average 
ultimate tensile stress and low average deformation 
to failure. This does not, of course, explain the 
tendency of one ring set to have a particular type 
of failure. 

It is apparent from Table II that the variation in 
weld deposit bias anticipated around the weld was 
not obtained. The reason for this failure is unknown. 
There was, however, enough variation in bias to 
test the effect of bias on the type and location of 
the fracture. The location of the bulk-type failures 
was independent of weld deposit bias, which is 
expected since failure initiated far from the weld. 
The HAZ- and parallel-type failures occurred 
predominantly on the cold side of the weld. This 
behavior is consistent with observations from 
failed assembhes. Only two of eight unbiased 
samples failed outside the weld, indicating that 
centering the weld deposit is desirable for consistent 
welds. 

The results refute the hypothesis that the parallel-
type failures are related to residual machining 
damage. For example, in Cylinder Set 4, the B 
side was machined with a 0.51 mm (0.020 inches) 
final cut and welded in the as-machined condition, 
however none of the failures where the weld was 

biased to the opposite (A) side were of the parallel 
type. Similar results were obtained for less severe 
treatment combinations. The heat from welding 
was enough to anneal out all the machining twins 
in the weld groove of the welded rings for the 
most severe condition: a final machining cut of 
0.51 mm (0.020 inches), welded in the as-machined 
condition, and with the weld deposit biased to the 
opposite side. The twins observed near the fracture 
surfaces of failed assemblies therefore presumably 
occurred during the fracture process. An exception 
was noted for one of the defect-type tensile bar 
fractures. A layer of heavily twinned grains, one 
to three grains deep, remained near the root of the 
weld where lack of fusion between the beryllium 
and the weld filler metal was also observed. This 
twinned area was seen only on the side of the 
weld groove welded in the as-machined condition 
because the annealing treatment, applied to the 
other ring prior to welding, removed machining 
induced twins. 

The defect-type failures differed from all the other 
failure types in that they failed at much lower 
stresses and did not show any crack propagation 
into the weld deposit. The fracture surfaces of 
these samples were examined in detail. A signifi
cant fraction of their fracture surfaces lay in the 
weld metal-beryllium interface, particularly near 
the root of the weld (Figure 13). A parallel failure 
is shown in Figure 14. Void-type defects similar 
to that shown previously in Figure 5 were also 
observed (Figure 15). These features were not 
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FIGURE 13. A defect-type failure. Fracture is at the weld 
metal-beryllium interface near the root of the weld (arrow), 
and within the beryllium further from the root. Region 
A is the weld land. Scanning electron micrograph. 

seen in parallel, or other failure types. The low 
stresses associated with these failures point to sites 
of the type contained in these tensile bars as the 
likely initiation points for failure in welded 
assemblies. 

Acoustic Emission: 

Acoustic emission from the tensile bars was 
monitored during tensile tests with the character 
of the signal from the transducer being observed 
with a transient wave recorder. Burst-type acoustic 
emission signals were observed with little or no 
change detectable in the background signal level 
during the tests. Thus any contribution from 
continuous-type acoustic emission was substantially 
below the system noise level. A typical burst is 
shown in Figure 16. Visual examination indicated 
no significant changes in the frequency of oscillation 
within the bursts or in the ringdown time as a 
function of strain or with the type of eventual 
failure. Bursts from other beryllium tensile bars 

FIGURE 14. A parallel-type failure. The fracture 
surface is entirely within the beryllium. Region A 
is the weld land. Scanning electron micrograph. 

with a different geometry were of a similar 
character. No detailed frequency analyses were 
performed on the bursts. 

Because burst emission was observed, the burst 
rate and average energy per burst should give the 
best indication of changes in the acoustic emission 
behavior with strain of the tensile specimens. 
Typical plots of energy per burst and burst rate 
for tensile bars which exhibited the five types of 
failures are given in Figures 17, 18, 19, 20, and 21. 
The acoustic emission behavior for all the failure 
types was quahtatively similar. The energy per 
burst was generally independent of strain, however 
some samples showed definite energy per burst 
maxima or other variations with strain (the weld 
failure sample whose acoustic emission is plotted 
in Figure 18 shows such an energy per burst 
maximum). These changes in energy per burst 
with strain were not consistent from sample to 
sample within groups of the same failure type, 
and the average behavior was a constant energy 

9 
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FIGURE 15. Void (arrow) in the weld metal at the root of 
the weld found in a tensile bar with a defect-type faEure. 
Region A is the weld land. Scanning electron micrograph. 
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FIGURE 17. Plot of typical acoustic emission from a tensile bar having a weld-type failure. 
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FIGURE 18. Plot of typical acoustic emission from a tensile bar having a parallel-type failure. 
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FIGURE 20. Plot of typical acoustic emission from a tensile bar having a heat-affected-zone type failure. 
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TABLE IV. Acoustic emission 
burst-rate rise versus failure type. 

Nonelastic 
Average Energy Deformation to Produce 

per Burst 600 Bursts per Minute 
Failure Type (arbitrary units) (inches) 

Weld 

ParaUel 

Defect 

Heat Affected Zone 

Bulk 

Not Preloaded 

NOTE: For SI (m 

12.8 

12.4 

30.3 

13.4 

12.0 

8.1 

letric) use: 1 inch = 

10.6 X 10-" 

5.2 X 10-" 

< 0.5 X 10-" 

7.1 X 10-" 

7.0 X 10-" 

1.9 X 10-" 

= 25.4 millimetres. 

per burst. The burst rate increased rapidly at the 
onset of nonelastic deformation. For the weld-type 
failures, the burst rate generally reached a maximum 
and then declined. The burst rate from samples 
exhibiting other failure types occasionally 
exhibited a maximum as weh, but failure more 
commonly occurred while the burst rate was still 
increasing. 

The point in the deformation process at which the 
rapid rise in burst rate occurred was somewhat 
arbitrarily defined as the nonelastic deformation 
necessary to produce 600 bursts per minute. This 
value, as well as the average energy per burst, is 
given for the various failure types in Table IV. 
The results from samples which were not preloaded 
are listed separately and were not included in the 
other averages. The 600 bursts per minute rate 
occurred at lower strains for the samples which 
exhibited parallel- and defect-type failures than 
for the other failure types. This result is consistent 
with observations from proof testing of welded 
assemblies, where premature failure is usually 
heralded by a sharp rise in acoustic emission. The 
average energy per burst was about the same for 
all failure types except the defect-type failures. 
The energy per burst for these failures was 
substantially higher than for the other failure 
types. (Since the energy per burst is a novel 
measure of acoustic emission behavior, the constant 
energy per burst throughout the tensile tests might 
be suspect as an artifact of the measurement 

technique. However other measurements in this 
laboratory on monolithic tensile bars of both 
ingot and powder source berylhum have shown 
large, reproducible variations in energy per burst 
with strain.) 

The samples which were not preloaded exhibited a 
sharp rise in burst rate at a lower strain than the 
preloaded samples, and had a lower average energy 
per burst. The additional acoustic events came 
from the beryllium around the pin grips, since 
these events were absent after preloading. The 
combination of bursts from the beryllium around 
the pin grips and bursts from the gage length of 
the tensile bar had a lower average energy per 
burst than bursts from the gage length alone (as 
seen in the preloaded samples). This indicates that 
the average energy per burst from deformation in 
the beryllium is lower than for the processes 
producing acoustic emission in the preloaded 
samples. The result is consistent with acoustic 
emission measurements in this laboratory on 
monolithic powder-source beryllium tensile bars 
(material made to the same specification), where 
average energy per burst values of about 6 (in the 
same arbitrary units used in Table IV) were found 
near the yield strain. 

The constant average acoustic emission energy per 
burst during the course of a given tensile test, and 
among different failure types, implies that the 
same mechanism was responsible for the acoustic 
activity throughout the tests. An obvious choice 
of mechanism is crack propagation tlirough the 
weld metal. Such crack propagation (as indicated 
in Figure 12) occurred with all failure types except 
defect failures. The latter, however, had a different 
average energy per burst. Fractography of the 
defect-type failures pointed to the initial failure 
being crack propagation at the weld metal-
berylhum interface. Crack propagation at the 
interface would be expected to have a different 
energy per event than crack propagation in the 
weld metal. Acoustic emission from crack propa
gation in the berylhum was probably not observed 
in these tests because once such a crack initiated, 
propagation was essentially instantaneous and the 
acoustic emission was lost in the total failure of 
the tensile bar. Additional evidence that berylhum 
deformation was not the major source of acoustic 
emission in these tensile tests is provided by the 
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results from samples which were not preloaded. 
As discussed previously, those samples showed the 
average energy per event from beryllium deforma
tion to be lower than the observed during 
deformation of the welded, preloaded tensile bars. 

SUMMARY AND CONCLUSIONS 

Premature failures in welded assembhes during 
proof testing occurred almost entirely in the 
beryllium close to, and parallel to, the weld 
interface. The weld deposit was not centered in 
the weld groove, and failure occurred on the side 
opposite the weld deposit bias. 

Tensile tests of samples cut from rings welded 
together with various states of machining damage 
left in the weld groove prior to welding showed no 
correlation between failure type and machining 
damage. The maximum loads, sustained by tensile 
bars which subsequently failed by four different 
failure modes, were not much different for the 
different failure types. However, the maximum 
loads, sustained by three tensile bars cut from the 
region of the weld start and exhibiting a fifth 
failure type, were much lower. These tensile 
bars had a significant portion of their fracture 
surface in the weld metal-berylMum interface, and 
the fracture surface contained what is believed to 
be the weld start. Similar areas were seen on 
small portions of the fracture surfaces of welded 
assembhes. Neither one of these characteristics 
was observed from any other failure types. 

Acoustic emission from the welded samples 
during tensile testing was of the burst type, with a 
negligible contribution (if any) from continuous 
type emission. The average energy per burst was 
independent of strain during testing, and independent 
of failure type. The three samples with low stress 
failures were an exception. The average energy 
per burst from these tensile bars was higher than 
from samples with other failure types. The rise in 
burst rate with strain occurred at somewhat lower 
strains in samples which failed with fracture surfaces 
similar to those from failures in welded assembhes; 
i.e., close and parallel to the weld metal-beryllium 
interface. Tensile bars tested without preloading 
the grip pinholes had a higher acoustic emission 
burst rate and a lower average energy per burst 
than samples which had been preloaded. 

The rise in burst rate occurred at particularly small 
nonelastic deformation in the three tensile bars 
exhibiting low stress failures, and was combined in 
these samples with a high average energy per burst. 
Welded assembhes containing relatively large 
lack-of-fusion areas, like those observed in these 
tensile bars, would therefore be expected to show 
significant acoustic activity at low loads because of 
crack initiation and propagation in the weld metal-
beryllium interface. The expected behavior has 
been observed during proof tests of welded assem
blies, and a rise in acoustic emission activity (as 
measured by RMS output) at unusuaUy low loads 
has been used for several years as the criteria to 
stop a proof test and rework the weld. 

The following conclusions are drawn from these 
results: 

1. Premature failures in welded assemblies are 
unrelated to residual machining damage. The 
origin of the distinctive fracture path parallel 
and close to the weld metal-berylhum interface 
is unknown. 

2. Fracture probably initiates in welded assemblies 
near the weld start where small areas of lack of 
fusion between the berylhum and the weld 
filler metal may occur. 

3. Centering the weld arc (and hence the weld 
deposit) in the weld groove appears to 
contribute to more consistent welds. 

4. The event most hkely responsible for the 
majority of acoustic emission from the tensile 
bars tested is crack propagation through the 
Al-Si weld metal. The anomalously low stress 
failures were an exception, and in these samples 
the emission is probably from crack propagation 
in the weld metal-berylhum interface. 

5. The rise in acoustic emission burst rate at 
lower strains in samples with fracture surfaces 
similar to those from failed welded assemblies 
further supports the utility of measuring 
acoustic emission during proof testing of 
welded units. The premature rise in acoustic 
emission activity at low loads in welded 
assemblies destined to fail during proof testing 
probably originates from crack propagation in 
the weld metal-beryllium interface. 
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