






Fig. 14 Acoustic emission for unconfined pinch weld in
12.8 MPa (2000 psi) argon.

argon. Both series show little difference in the acoustic sig­
nals for the different weld parameters and the different bore
environments. However there is an acoustic signal after the
weld current stops that appears in all the hot and unacceptably
hot welds, does not appear in any of the unacceptably cold
welds and may be present in the normal or cold welds.
Signals of this amplitude occurring after the weld current has
ceased are often associated with cracking. However these sig­
nals were observed in welds where no cracking was detected
as well as in welds where edge cracking was seen. Also
welds with edge cracking exhibited the very large acoustic
signals long (.4 to Uj sec) after the end of the weld cycle.
Considering that the weld currents last only 0.2 seconds, it is
unlikely that weld related processes continue this long after
the weld ends. The source of these strong signals is not
understood but they appear in the higher heat input welds. A
possible explanation is that they are caused by the fracture of
small adhesions between the tube and the electrode. Aside
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~~ U There are several possible sources for these large sig­
nals during the first few current cycles. Two of the sources
are connected with oxidation of the bore. Cracking of the
oxide film during deformation of the tube may produce
significant acoustic signals. Or if the oxide film forms
regions of high contact resistance during the initial current
flow, the adsorbed water on the oxide may be vaporized creat­
ing acoustic signals. The tube bore may also contain layers
of highly cold worked metal of limited ductility. Cracking
may occur in these layers during deformation, producing
acoustic emission.

from these postweld signals, there were not sufficient acous­
tic differences to distinguish a cold weld from a good weld.
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The four confined welds in JBK-75 tubes showed one
major differences from the 304L welds. The acoustic signal
in the 304L welds generally subsided within a few mil­
liseconds after the weld current had ceased. In the J8K-75
welds, acoustic activity lasted up to several hundred mil­
liseconds before it decreased to the preamplifier noise level.
Signals from welds in the two materials are compared in Fig.
16. No significant differences in the acoustic spectra could be
seen in the signals during the weld and those occurring after
the current had stopped. This acoustic activity would appear
to be associated with the cooling of the weld but its source
mechanism (phase transformations, oxide cracking, grain
cracking or grain boundary separation) has not been identified.
It does not appear to be due to the formation of macro cracks

Fig. 15 Large emissions during first few current cycles.

Similar results were found to hold true for confined
pinch welds. Little difference could be seen between welds
with different heat inputs or with varying bore environments.
Even with large differences in weld quality produced by oxi­
dized bores, the acoustic emission signals were too similar to
unambiguously distinguish between the varying weld condi­
tions. For some confined welds, large emissions are seen in
the first few weld cycles, Fig. 15. During this portion of the
weld the tube undergoes large amounts of deformation. How­
ever, 304L is known to generate little, if any, acoustic emis­
sion during plastic deformation.
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Fig. 16 Comparison of acoustic signals from JBK·75 and
304L pinch welds.

Fig. 17 Acoustic ermSSlon of confined pinch welds with
melting and expulsion.
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Fig. 18

For confined welds where melting and expulsion
occur, major features can be seen in the acoustic signatures,
Fig. 17. Large acoustic signals do not appear to be produced
by melting alone as can be seen from the signals from a weld
Fig. 18, where melting but no sign of expulsion or cracking
was seen in the metallographic section. The differences in the
acoustic signatures of the two identical welds in Fig. 17 is not
easily explained. However, data from other welds showing
expulsion suggests that the large signals in the center of the
weld are associated with the expulsion. The signal at the end
of the upper weld may be due to an undetected crack in
either the weld or the expelled material. The acoustic signals
from welds that contained bulk melting without expulsion,
such as that in Fig. 18, contained some larger signals during
the beginning and middle portions of the weld current, but
they were much lower amplitude than those with expulsion.

as the signal at about 340 msee. on the trace from the JBK-75
sample in Fig. 16 has the characteristics to be expected from
cracking. This post current signal is definitely characteristic
of pinch welds in JBK-75 but its source and the possibility of
exploiting it in the testing of pinch welds remains to be deter­
mined.
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Fig. 19 Relationship between the arbitrary energy regions
and the current cycle.

It may be that these signals are associated with minor
resolidification of the weld material during the current off
stage. The cooling during the current off portion of the weld
cycle may cause incremental melting and solidification of a
pinch weld at each half current cycle and generation of acous­
tic energy prior to the occurrence of expulsion.

The acoustic energy was calculated for three categories
of confined welds: cold, normal, and hot (with expulsion).
The weld energy was averaged for 6 cold welds, 3 normal
welds and 8 welds with expulsion. Plots were then made of
the energy from each region of a half cycle versus cycle
number of the weld current for each type of weld. The first
region of the half cycle, region A, is where the current rapidly

This data shows that the hot welds with expulsion
have dramatically more acoustic energy generated between
cycles 5 and 9 than do the good and cold welds. The
difference is largest in region C but the effect is seen in all
regions. In the same energy units, the hot welds had acoustic
energies after the third cycle in region C of 51,700 ± 22,600.

increases and the heating of the metal is the greatest. Region
B is where the current begins to decrease, and in region C,
the current goes to zero and remains zero. This rather arbi­
trary division of the current half cycle is shown in Fig. 19.
The rectified AE data shows that even for welds of relatively
low heat input, Fig. 20, substantial acoustic signals can be
generated during this current off portion of the cycle. In
region A, Fig. 21, there was no difference between cold welds
and good welds, with the acoustic energy being essentially
independent of cycle number. The hot welds had a significant
increase in energy during cycles 6 through 9. In region B,
Fig. 22, again cold and good welds were very similar with the
good welds having slightly more acoustic energy than the cold
welds after cycle 3. If the acoustic energy in region B
between cycle 3 and 12 is summed. the good welds average
57% more energy than the cold welds, in arbitrary energy
units, 4854 ± 438 for the good welds as opposed to 3087 ±
343 for the cold welds. The hot welds again had excessive
acoustic energy between cycles 5 and 8. In region C, Fig. 23,
the good welds again had more acoustic energy than the cold
welds after the third cycle. The good welds averaged 1013 ±
211 energy units and the cold welds, 121 ± 40 units, a
difference of 840 %. Again the hot welds had excessive
energy between cycles 5 and 8.
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Fig. 21 AE energy in region A of the weld cycle for cold,

medium and hot welds.
Fig. 20 Comparison of acoustic emission and current cycle.
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Fig. 22 AE energy in region B of the weld cycle for cold,
medium and hot welds.

Fig. 23 AE energy in region C of the weld cycle for cold,
medium and hot welds.

There is a measurable difference between the amount
of energy generated during the welding process by cold and
good welds with twelve or fifteen current cycles. Cold welds
which had only seven cycles of current, had significantly
more acoustic energy in each of the three regions than did the
other cold welds and were not included in these averages.
This energy difference does not show up in region A and is
most evident in region C. While these energy differences are
not large compared to the signals from the hot welds with
expulsion, they are measurable. For welds with the same
number of cycles, it appears that summing the acoustic energy
(or the AE count) in region C for all current cycles after the
third. will allow a determination whether the weld is cold,
good or hot. As can be seen in Fig. 24, there was no overlap
between the categories for any of the welds examined. It
should be noted that the error bars give the total experimental
spread for all of the samples and not a standard deviation.

Total Acoustic Energy In Region C
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4. Summary and Conclusions
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Acoustic emission was examined as a possible tech­
nique to provide a nondestructive evaluation of pinch weld
bond quality. The objectives included the detection of reject­
able conditions that are presently not observable in production
welds. These conditions, namely contaminated bore surfaces,
or different bore conditions (air versus argon or hydrogen fiJI)
that are known to have a considerable effect on the formation
of the bond could not be distinguished using relatively simple
data comparisons with acoustic emission. However, by exa­
mining at the acoustic energy present in the quiescent portion
of the weld cycle, cold welds, good welds and hot welds with

Fig. 24

Cold Good Hot with
expulsion

Summed acoustic energy in cycles 4 through 12 for
different weld qualities.
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expulsion could be distinguished from each other. Also large
post current acoustic emissions were observed for unconfined
pinch welds which may be associated with cracking.

Presently, expulsion is easily detected in production
welds with the use of radiography. As the results over the
wide variation of parameters used here have shown, relatively
hotter welds that contain some intergranular or bulk melting
can have very good bond quality especially in the presence of
contaminants. However, high heat input parameters are of
limited use in production due the increased probability of
rejects for expulsion. With the rapid response of the
microprocessor based weld controller, acoustic emission has
the potential for use as a method for monitoring the weld for
adaptive control. Such control has been used for spot welds
in production for other industrial applications (Gahr and
Payne, 1919; ASTM E151·80). Here the adaptive control
would; I) allow the use of hotter weld parameters making the
weld less sensitive to bore contamination, 2) possibly verify
through the detection of the onset of melting (actually, the
resolidification during the current off portion of the cycle) that
adequate heat input into the weld has been achieved and 3)
eliminate the occurrence of expulsion by reducing the current
level in the latter stages of the weld.

At the present time, physical measurements of
unconfined welds have proven to be the only reliable accep·
tance criteria; and these are inadequate for detection of
defects. If the acoustic signals produced during welding can
be shown to be directly related to processes occurring in the
weld, it should be possible to develop techniques to use
acoustic emission for real time evaluation of weld quality and
eventually for the real time control of the pinch welding pro­
cess.
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CONFERENCES AND SYMPOSIA

XVth Meeting of The European Working Group of
Acoustic Emission (EWGAE), October 7.10, 1986,
ENKA, Istanbul, TURKEY

The XVth EWGAE Meeting was held in Instanbul on October 8
- 10 at ENKA. Dr. A. Sokolu, Research and Development
Center, Balmumcu, Besiktas, Istanbul, TURKEY, was the
organizer. The code subgroup meeting was held also at ENKA
on October 7, 1986. A total of 34 delegates from ten countries
attended this meeting.

The 8th International AE Symposium, 21 • 24
October 1986, Nihon University, Tokyo, Japan

This symposium attracted about 170 participants and about 90
papers were presented in two parallel sessions. The Chairman of
the Organizing Committee was Professor K. Yamaguchi,
Institute of Industrial Science, University of Tokyo. Profs. K.
Aoki and Y. Mori of Nihon University were responsible for
Symposium arrangements. The Proceedings volume is now
available (see page 161 of this issue for ordering infonnation).

Symposium on Acoustic Emission; in the study,
testing and control of materials and plant
installations, March 19.20, 1987, Bad Nauheim.

The subject of acoustic emission has undergone steady progress
during recent years in connection with the increasing demand for
higher standards of quality and safety. The latest developments
will be described at this Conference and the possibilities and
limitations of the use of acoustic emission analyses for the
study, testing and control of materials and plant installations
will be indicated in general reviews and brief lectures. The
fol1owing subjects are covered. Test methods, Testing
techniques, Study of materials, Production control.

The Conference languages are German and English. No
simultaneous translation will be provided. The organisers are
Deutsche Gesellschaft flir Metallkunde and Deutsche Gesellschaft
flir zerstorungsfreie Priifung.

For information, contact the Deutsche Gesel1schaft fur
Metallkunde e.V., Adenauerallee 21, 0.6370 Oberursel I, FRG
(West Germany). Telephone number is 0 617114081

16th Symposium on Nondestructive Evaluation, 21
23 April 1987, San Antonio, Texas

The next Symposium on Nondestructive Evaluation will be held
at Marriott Riverwalk Hotel in San Antonio, TX. Abstract
deadline is 31 January 1987. For details, contact George A.
Matzkanin, Chairman, 16th Symposium on NDE, NTIAC,
Southwest Research Institute, P.O. Drawer 28510, San Antonio,
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TX 78284, tel. no. (512) 522-2737. This Symposium is
sponsored by the NTIAC and South Texas Section of ASNT.

The 30th Meeting of Acoustic Emission Working
Group, 11 • 14 May 1987, Norman, Oklahoma

The next AEWG meeting is set for II - 14 May 1987 at
Sheraton Norman Hotel, Norman, Oklahoma. Meeting is
sponsored by the z University of Oklahoma, and organized by
Profs. Davis M. Egle and Ron Kline, 865 Asp Ave., Room
212, University of Oklahoma, Nonnan, OK 73019; telephone
no. (405) 325-501 I. The first day will be devoted to a short
course, Introduction to Acoustic Emission for Nondestructive
Testing. See page 143 for details and regis- tration form is
reproduced on page 171.

Review of Progress in QNDE. 21-26 June 1987,
Williamsburg, Virginia

The 14th Annual Review of Progress in Quantitative NDE will
be held at the Fort Magruder Conference Center and the College
of Williams and Mary, Williamsburg, Virginia, June 21 - 26,
1987. One paragraph, camera ready abstract should be sent to
Ms. Linda Dutton, 224 Applied Sciences Center. Ames
Laboratory, Iowa State University, Ames, IA 50011 by March
20, 1987.

International School of Prof. Advancement: AE in
Science and Technology, 22 • 27 June 1987,
Warsaw, Poland

The International School of Professional Advan· cement: AE in
Science and Technology will be held 22 - 27 June 1981 in
Warsaw, Poland. It is sponsored by Centro Internationale eli
Scienza Meccanica - Udine, Italy and organized by the Polish
Academy of Science. Inquiry should be sent to Dr. L. Golaski,
Vice President, Technical University of Kielce, Institute of
Applied Mechanics, 25-314 Kielce, AI. 1000-lecia PP Nr. 5,
POLAND.

Acousto-UItrasonics: Theory and Application. 12 ­
IS July 1987, Blacksburg, Virginia

An international symposium is planned for 12 - 15 July 1987 at
Virginia Polytechnic Institute and State University. It i~

organized by Drs. J.C. Duke, Jr. and E.G. Henneke, U, Materials
Response Group, Engineering Science and Mechanics
Department, Virginia Tech., Blacksburg, VA 24061-4899,
telephone (703) 961-5316. The symposium covers all aspects of
A-U; wave propagation, signal analysis, sources and detectors,
process control application, material characterization and
structural components applica- tion. Abstracts will be due on 5
Jan. 1987.



XVIth Meeting of The European Working Group of
Acoustic Emission (EWGAE), September 1987,
London, England

The XVIth EWGAE Meeting is tentatively set to be held in
conjunction with the 4th European Conference on
Nondestructive Testing in London, England. The Conference is
scheduled for 14 - 18 September 1987 and the EWGAE Meeting
will last two days. Details will be announced later.

The 9th International AE Symposium, 14 - 18
November 1988, Kobe, Japan

The next symposium is being planned to be held in Kobe, a port
city near Osaka, Kyoto and Nara and about 400 miles west of
Tokyo. Look for future announcement.

The 3rd International Conference on Acoustic
Emission, 20 • 23 March 1989, Charleston, SC.

The Acoustic Emission Working Group's 2nd International
Conference on Acoustic Emission was held in 1985 in Lake
Tahoe. The next Conference on Acoustic Emission is planned
to be held in 20 - 23 March 1989 at Charlston, South Carolina
in conjunction with the ASNT Spring Meeting.

The Third International Symposium on Acoustic
Emission from Reinforced Composites, July 1989,
Paris, France

The third Symposium is tentatively planned for July, 1989 in
Paris, France.

Call for Papers on Acoustic Emission

The ASNT plans a special Materials Evaluation issue (Nov.,
1987) on Acoustic Emission testing. Areas of interest include
applications, research, instrumentation and standards.

Interested authors should contact the coordinating technical editor
and send him abstracts by 1 June 1987: Dr. Sotirios Vahaviolos,
Physical Acoustics Corp., PO Box 3155, Princeton. NJ 08540.
Papers must then be submitted by 1 Sept. 1987 to the Editor,
Materials Evaluation, ASNT, 4153 Arlington Plaza, Caller
#28518, Columbus, OH 43228-0518.

Announcements

AE Training Courses

AEWG SHORT COURSE
Introduction to AE for Nondestructive Testing
May II, 1987, Norman, Oklahoma

Dunegan Corp. 19B Thomas, Irvine, CA 92718
(800) 523-0599
School of Acoustic Emission
February 2- 6. 1987, Laguna Hills, California
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Instruction to the Authors of Extended Abstracts
for the AEWG and EWGAE Meetings

GENERAL

Manuscripts will be reproduced by photo-offset process directly from the
copy you prepare. Please strive for a clean and neat finish. This format is
similar to that used in the Second AE Conference at Lake Tahoe and at the AE
Symposia in Japan.

1. Length

There is no specific limit, except shorter than two pages or longer than ten
pages will not be treated in this category. Suggested length is four to eight
pages including illustrations.

MANUSCRIPT

1. Typing

Use 12 pitch (12 letters per inch) typefaces of elite or courier as in this
example. Manuscript should be typed single spaced on only one side of 22 x 28
cm (8.5" x 11") or a similar size, non-erasable bond paper. Text area is to be
17 x 24 cm (6.5" x 9.5"). Double spacing is to be used between paragraphs. Leave
margin of 1.9 cm (3/4") at the top, bottom and on the right side. The left side
margin is to be 2.5 cm (1"). For minor corrections, opaque liquids may be used.
Splicing may also be used. Only letter-quality printing is acceptable. For word
processor outputs, do not justify the right margin.

2. Headings

First-level (section) headings in the text should be centered, typed in all
capitals (upper case) and underline. Begin the text indented on the second
line. Second-level (subsection) headings should be typed in small (lower case)
letters but with all main words capitalized and underlined. Continue the text
indented on the next line. For the third-level headings, only the first letter
should be a capital, underline, then run on the text after three typewritten
spaces. Second and third level headings should be numbered (not alphabets) as
in this format.

2.1 Spacing of Heading

Triple spacing is to be used between the end of a section and the next major
heading. Others should be double spaced.

2.2 Abstract

No abstract should be included.

3. References

List all the references at the end of the manuscript and refer to each by
the reference number between / at the end of a sentence, as /1,2/ or /4/.
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3.1 Style

References should be cited as in J. Acoustic Emission. The title of a book
or Conference Proceedings is to be underlined.

4. Equations

They should be given arabic numbers; e.g., (5), to be enclosed in parentheses
and placed flush with the right side margin. Later reference should be as Eq.
(5) •

5. Figures

Clear glossy prints should be attached to the location desired with adequate
figure captions. These should be reduced to economize on space, but letters on
the figure should be legible. Figures should be numbered with consecutive
arabic numbers. Place them among the text, and give descriptive captions.

6. Page Numbers

Do not type page numbers. Number each page by light blue pencil at the left
bottom.

7. Units

51 units are to be used throughout.

8. Tables

Tables need to be numbered consecutively with arabic numerals and captioned.
Place them among the text at suitable locations.

OTHERS

1. Glossary

In referring to various AE terms, follow the standard ASTM terminology (E610).
For example, use AE, but not SWE.

2. Title Page

Title, author name(s) (title, optional), and affiliation should be given in the
top 6.4 cm (2.5") of the first page. Other support should be acknowledged at
the end of the paper, but before references.

3. Summary or Conclusions

Always include descriptive summary or conclusions (but no abstract) .
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FRACTURE MECHANISMS IN SINGLE CRYSTAL COMPOSITES

Roger B. Clough, Haydn N.G. Wadley and Frank S. Biancaniello
National Bureau of Standards

Gaithersburg, Maryland 20899

While much is known of the fracture mechanics of composite materials, comparatively little
is known of the micromechanisms that in fact control fracture toughness and strength. These
effects are best studied in simple, well-characterized materials which nevertheless exhibit the
essential features of structural composite materials undergoing failure.

We have accordingly fabricated and tested single crystals of aluminum which contain a
single axial fiber of SiC. These were prepared by directional solidification using a modified
Bridgman technique. Different solidification times were used to vary the interfacial (and fiber)
properties, as SiC is known to react with molten Al to produce interfacial A~C3. Specimens
without fibers were also made. Load, displacement and acoustic emission were recorded during
tensile tests, after which the matrix material was dissolved away and the number of pieces of SiC
fiber counted, and their lengths measured giving both the critical aspect ratio and the number of
fiber fractures.

Figure I shows the stress-strain and AE-strain curves for a slowly solidified composite,
with a thick interface, and Figure 2 is the corresponding result for a more rapidly grown composite
with a thin interface. The large bursts of AE correspond to fiber or interfacial failure, since they do
not occur with a fiberless specimen. The load drops in Figure 2 correlate with the AE bursts and
the number of fiber fractures. The size of the load drops in Figure 2 indicates some degradation in
strength of the fiber in the more rapidly cooled specimen, and the complete absence of load drops
in Figure I indicates severe degradation in fiber strength in the slowly cooled specimen.
Moreover, in order to maintain the observed critical aspect ratio in this laner material, there was
also severe degradation of the interface strength to far below the matrix strength, hence interfacial
failure.

Comparison of the number of AE events to the number of fractures indicates that in the
rapidly grown material all AE was due to fiber fractures whilst only half the events in the slowly
grown samples were due to fiber fracture. The other half correspond to interfacial fracture since
the room temperature ductility of polycrystalline A4C3 is presumably quite limited. Thus there is a
change from the single mode of (axial fiber) fracture in the rapidly grown material to bimodal (axial
and interfacial) fracture in the slowly grown material. We suspect that the interface itself in the
rapidly grown material exceeded the matrix shear stress.

Composite propenies and failure mechanisms thus depend significantly on processing
conditions and acoustic emission is an important tool for detennining the modes of failure.
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