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FOREWORD

This investigation was conducted by the Engineering and Materials Division (EM),
U.S. Army Construction Engineering Research Laboratory (CERL) for the Director-
ate of Military Programs, Office of the Chief of Engineers (OCE). The research was

funded under Project 4A762731AT4l1, “Design, Construction, and Operations and

Maintenance Technology for Military Facilities™ Task A, “Counstruction Systems

Technology™; Work Unit 041, “NDT Weld Quality Monitor/ Semi-Automatic Weld-
ing.” The QCR is 3.07.003. Mr. E. Hunt (DAEN-MPC-E) is the OCE Technical

Monitor.

Dr. R. Quattrone is Chief of EM. COL Louis J. Circeo is Commander and Director
of CERL. and Dr. L. R. Shaffer is Technical Director.
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NONDESTRUCTIVE TESTING FOR FIELD
WELDS: REAL TIME WELD QUALITY
MONITOR—FIELD TESTS

1 INTRODUCTION

Background

During the welding process, changes in arc voltage,
travel speed, and heat input can occur without the
operator’s knowledge. These changes can cause de-
fects such as porosity, slag inclusions. incomplete
fusion, and undercut in the deposited weld metal
(Appendix A). The cost of locating and repairing
these defects can be a major portion of Army
construction costs; welding inspection can constitute
25 to 40 percent of the weld fabrication cost. In

addition, weld defects decrease the service life of

welded joints. Consequently, it is necessary to moni-
tor the welding parameters to detect, identify, and
locate possible defects. A weld monitor with real time
output would help the inspector designate suspect
areas for nondestructive testing. In addition, by
operating in real time, the weld monitor could be
used to interrupt welding or to produce corrective
signals for the welding power supply at the incipient
stage of defect occurrence, thus preventing costly
rework.

The need for this type of system is increasing as the
Corps of Engineers becomes more involved in proj-
ects requiring welding construction, as in the MX
Missile programs. To address this need, the U.S.
Army Construction Engineering Research Labora-
tory (CERL)is conducting research to develop a field
portable weld quality monitor (WQM). Essentially,
the WQM is intended to provide a mechanism to
merge the welding engineer’s design intent with the
actual field welding process.

In the initial phase of study.' several requirements
were established for the device. It should:

I. Monitor the three primary signals from the
weld systemn: arc voltage, current. and travel speed;
compare them to preset limits; and alert the operator
if the limits are exceeded.

2. Calculate the heat input., nugget area. and
cooling rate from the three primary signals: compare

'R. Wcher, F. Kearney. and S, Jdoshi. Development of W eld
Quality Monitor, Interim Report M-183 ADAD27644 (118, Army
Construction Engincering Rescarch Laborators [CERL] July
1976).

these values with preset limits; and alert the operator
if these limits are exceeded.

3. Be field portable.
4. Interface easily with in-situ welding equipment.

Following development of these requirements. a
prototype WQM was designed. fabricated. and tested.
using input from a fully automated gas metal-arc
(GMA) welding machine.” The automated GMA
process was chosen to obtain close control and
reproducibility of the welding variables during initial
testing.

Appendix B describes the WQM circuitry.

Objective

This study is being conducted in several phases.
The first phase established requirements for and
developed a prototype WQM device. A field test of
this laboratory prototype WQM was conducted to
evaluate its performance under field conditions.?

The objective of this phase was to conduct labora-
tory and field tests to determine the adequacy and
field applicability to Army construction projects of
the WQM design that evolved from the previous
work.

Future phases of the WQM study are intended to
develop (1) suitable speed sensing systems for manual
welding situations, (2) specific radiometric measure-
ment technigques involving acoustic and opto-elec-
tronics spectral analysis, and (3) digital processing
features using microprocessors to facilitate the pro-
gramming of the WQM.

Opto-electronic weld evaluation techniques (see
Appendix C) now being developed will be used in
further WQM development to provide a more power-
ful configuration.

Approach

The design of the prototype WQM developed in
the initial study was modified to incorporate im-
provements indicated during actual laboratory weld-
ing situations, improvements suggested during con-
sultations with Government and private-sector per-
sonnel, and the results of the prior field testing.
Hardware was assembled and packaged for field use.

*Weber, et al., Development of Weld Quality Monitor.

'F. Kearney, Nondestructive Testing for Field Welds: Real Lime
Weld Quality Monitor, Interim Report M-251 ADAOSKI2Y
(CERL. August 1978).
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The unit v.as then installed in a welding situation that
would thoroughly test all modes of its operation.

Mode of Technology Transfer

The results of this study will impact TM 5-805-7,
Welding: Design Procedures and Inspection (De-
partment of the Army, 15 March 1968).

2 LABORATORY TEST

Procedure

Each channel of the WQM was tested individually
with a variable signal similar in current and voltage
level to the signal from a welding machine. The limits
for each channel were set, and the test voltages were
varied to simulate changes in the primary signals.
When the status lights indicated that the limit had
been exceeded, the test voltage was compared to the
preset limit value to check the accuracy of the
comparator circuit,

After each channel had been tested successfully,
the three simulated primary signals were fed into the
monitor simultaneously. The limits were set again
and the input voltages varied. All circuits, including
the analog computer section, were checked for accu-
racy and reproducibility.

The monitor was then connected to the CERL
welding machine to test the circuitry with actual
signals. After the limits were set, a welding arc was
established on a test plate.

Results

Results of the laboratory testing showed that all
channels performed satisfactorily, both indepen-
dently and in conjunction with each other. The
warning lights were triggered when the input signal
exceeded the limits set by the reference signal, and no
difficulties were encountered when the limit span was
changed.

While investigating the signals of the three param-
eters (voltage, current, and speed), it was found that
the voltage and amperage signals contained spurious
noise signals. These signals were removed by (1) in-
corporating filters in the data channel to climinate
the peaks and smooth out the signals, thus reducing
the chance of damage to components, and (2) replac-
ing the shunt used for the amperage signal source
with a Hall effect solid state transductor. (The
advantage of using the transductor is that it is not
directly connected to the welding cable as the shunt
is; instead, it fits around the cable and measures the
magnetic ficld gencrated by the current passing

through the cable.) The transductor minimized am-
perage transient signal problems; filters were installed
in all channels for field contingencies.

The modifications indicated by the laboratory
testing program were incorporated into the monitor
before field testing. Figure | shows the system
assembled for field testing.

3 FIELD TEST

Site Selection

The two general types of welding operations consid-
ered for field testing were (1) shop fabrication. which
uses automated welding equipment, and (2) field
fabrication:repair. which generally involves manual
or semi-automatic welding and is more dependent on
the operator’s subjective judgment.

In addition, it was decided that field tests would be
more conclusive if the weld quality monitor were
used in conjunction with some other form of non-
destructive testing. Three sites were available that
offered these combinations: (1) Flint Steel Corpora-
tion, Tulsa, OK; (2) a hydroelectric turbine shaft
repair job at Ozark Powerhouse, Ozark. AK:* and
(3) new construction of a wind tunnel facility at
USAF Arnold Engineering Development Center,
Tullahoma, TN. The Tullahoma, TN, construction
the largest welding project ever undertaken by the
Corps of Engineers—was chosen. Researchers felt
that the time and space constraints of this field
erection situation would assess the unit’s adaptability
most rigorously. In addition to the hardware evalua-
tion, the field test would provide an opportunity for
welding personnel from the private sector to appraise
the WQM.

Test Operations

Transporting the WQM and auxiliary equipment
from CERL to the Arnold Engineering Research and
Development Center (AERDC) for testing required
no special handling. The equipment was set up by
maintenance personnel and was ready for operation
in less than 2 hours. The WQM was set up approxi-
mately 25t (7.5 m) from the welding station. Figure 2
shows the configuration of the welding station.
Figure 3 shows thc unit connected for testing.

k. Kearney, Nondestructive Testing for Field Welds: Real line
Weld Quality Monitor, Intenim Report M-251 ADAOSKI2Y
(CERL, August 197K).
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Figure [. Field-tested weld quality monitor prototype.
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Figure 2. Ficld welding station showing submerged arc welding unit and windbreak,
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4. Installation of the Hall etfect device or welding cable.
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Installation of the Hall effect current transductor
(see Figure 3) involved simple disconnection ind
reconnection of one of the leads from the welder
power unit; no hard wiring was required.

I'he voltage sensors were attached to the welding
power supply because of the inaccessibility of the slip
ring arrangement on the welding head.

The WQM was attached to a submerged arc
welding system that connected flange to pipe lor
penetrations in the test cell. The circular operation of
the welding head did not allow for the travel speed to
be tested, because no slip ring was available for
transmitting the voltages. Therefore, a precision
voltage source was used to provide an equivalent
speed signal to compute heat input and nugget area.
For this mode of operation, a voltage corresponding
to a particular welding speed was input to the analog
computer module to compute heat input and nugget
area (Equations Al and A3, Appendix A). For
example, if the analog module were scaled for 1 volt =
I in. min, then a 6-volt signal from the precision
voltage source would be input for a welding speed of
6in. min.

Figure 5 shows a typical voltage and current time
trace obtained from the WQM. These signals were
taken at the output of the signal conditioners before
filtering for inputting to the comparators. As shown
in Figure S, the signal is not distorted, and shows the
response of the sensors to the voltage and current
variations that occur in the arc. Because the parameter
data contentis preserved in the transduction and con-
ditioning process. the data can be used in several ways

from simple alarms to adaptive control systems.

The unit used in this test incorporated an “event”
recorder output device, which provided a “blip™ mark

on a tune baschine to indicate which parametes
deviated from the preset limits, It also indicated the
direction of error, e, high or low excursion. Fagure
6 shows o representative trace obtained during the
field test.

Results of Operational Testing

Since the accuracy of the parameter measurement
systems and the computational sections was verified
in the laboratory, the primary ficld test criteria were
the unit’s response and correlation to deviant condi-
tions. The welding operations were visually observed
by CERL. personnel for cach flaw-inducing occur-
rence, and the event recorder was appropriately
annotated at cach incident (see Figure 6). The flaw-
inducing conditions that occurred were typical of
field welds. Three hundred feet of data tape were
obtained in the test, with 700 “out of limit” events
recorded. Subsequent analysis of the event recorder
traces showed a one-to-one correspondence between
an anomalous event and the WQM output. Further-
more, the cross-correlation between measured sig-
nals, voltage. current. and speed and computed
parameters (heat input and nugget area) showed
good agreement:; e.g.. a deviant current value indi-
cated an error in the heat input and nugget area
channels.

The correlation of WQM output with flaw-induc-
ing welding events. as determined by this test,
indicates that the basic requirements for an Army-
fieldable unit have been demonstrated.

4 concLusION

Based on the laboratory and field tests, the WQM
design is adequate and has field applicability.
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Figure 5. Voltage current trace obtained from the WQM for shaft repair weld.
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APPENDIX A:
FACTORS AFFECTING WELD METAL
MECHANICAL PROPERTIES

Detects

Changes in arc voltage, travel speed, and heat
input during welding can cause several types of
defects in the deposited weld metal.

Porosity is a void or gas pocket trapped in
solidifying weld metal. The reduced solubility of the
gas in the metal caused by the decreasing temperature
forces the gases out of solution. The gases are
originally introduced either by poor shielding, which
entrains air, or by chemical reactions in the molten
weld metal. Stick electrodes with too longanarcasa
result of excessive are voltage can reduce shielding
effectiveness and introduce gas into the metal.

Slag inclusion is the entrapment of an oxide or
other nonmetallic material undar the weld bead. The
major source of slag is the coatings on stick elec-
trodes. This defect is related to heat input.

Incomplete fusion is the failure of adjacent layers
of the weld metal or weld base plate to fuse.
Incomplete fusion may result when the adjacent
metal is not heated to the melting point because of
insufficient heat input.

An undercut is a groove melted into the baseplate
at the toe of the weld and is caused primarily when
travel speed is excessive in relation to the welding
current.

In addition to the defects caused by improper
control, the heat generated by the welding process
can change the base metal in the following ways:

I. Grain coarsening

2. Softening (annealing effects)

3. Hardening (phase precipitation or transforma-
tion)

4. Segregation of constituents
5. Grain boundary melting

6. Loss of ductility

7. Loss of toughness

8. Residual stresses causing distortion or cracking.

The type of change depends on the chemical compo-
sition of the base metal, the e.c~trode, and the heat
history of the base plate.

In the two commonly used field welding processes
—shielded metal-arc (stick electrodes) and gas metal-
arc (bare-wire) —the source of heat for melting the
materials is an electric arc. Control of the arc
parameters will control the amount of heat generated,
the length of time the weld metal is at an elevated
temperature, and the cooling rate of the weld zone.

Base Metal Microstructure

The cooling cycle after a weld pass determines the
microstructure of the weld metal and the heat-
affected zone. With fast cooling rates, some steels
become very hard because of a martensitic transfor-
mation. If the cooling rate is sufficiently slow, the
metal may be more ductile and the structure ferritic
and pearlitic. The type of steel generally determines
which of these structures is most desirable. For low-
carbon and low-alloy steels, the pearlitic structure is
desirable, while for high-strength quenched and
tempered steel, the martensitic structure is desirable.

Martensite is undesirable in low-carbon and low-
alloy steels designed for yield strengths of less than
80 ksi (552 MN/m?) because of its hardness and low
solubility for hydrogen at ambient temperatures.
This combination of characteristics increases the
liketihood of hydrogen cracking in the joint. Use of
low-hydrogen stick electrodes and the gas metal-arc
welding system reduces this tendency toward
hydrogen-induced cracking.

Cooling Rate Control

Controlling the cooling rate is essential to prevent
undesirable microstructure in the weld and heat-
affected base plate. A mathematical combination of
arc voltage, current, and travel speed known as heat
input (HI) has been used to control cooling rate for
many years. The equation for calculating heat input
is

voltage X amperage X 60
HI(J in) = - - (Eq A1)
travel speed (in.; min.)

The normal maximum has been 55,000 to 60,000
J in. (21 654 to 23 622 J cm) for the field processes
mentioned above. Another means of controlling
cooling rate has been preheat treatment. Dorschu’

‘K. E. Dorschu, “Control of Cooling Rates in Steel Weld
Metal.” Welding Research Supplement (February 1968).
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has shown that the relationship between heat input.
preheat temperature, and cooling rate is:

S m(T— T
H!

CR +¢ [Eg A2]
where CR = cooling rate
T = test temperature, 1000°F (538°C)
To = preheat temperature
m.c = constants
H1 = heat input (kJin.)

Eq A2 indicates that the higher the preheat tempera-
ture and heat input, the slower the cooling rate.

Shultz and Jackson® have shown that the cross-
sectional area of the weld bead is a useful indicator of
weld metal mechanical properties and that a relation-
ship exists between the area and cooling rate. They
also found that arc voltage has little or no effect on
the nugget area and cooling rate. The relationship
that Shultz and Jackson have developed for nugget
area, arc current, and speed is:

- 1.55

i
— -7
na= 122X 10 003

[Eq A3]

where na = nugget area (sq in.)
t = arc amperage
S = arc travel speed (in. ‘min).

*B. L. Shultzand C. E. Jackson, “Influence of Weld Bead Arca
on Weld Metal Mechanical Properties.” Welding Research Sup-
plement (January 1973).

APPENDIX B:
CIRCUIT DESCRIPTION

Figure BI. a block diagram of the weld quality
monitor, shows the input signals from the welding
arc. These signals are conditioned to standard values
and sent to the comparator module, which compares
the input signals with a set of limit signals.” It the
input signals are too high or too low, the appropriate
alarm is triggered. The input signals are also trans-
mitted to the analog computer module for calculating
of the heat input. cooling rate, and nugget area. The
calculated values are then compared to reference
signals, and the appropriate alarm is triggered if
needed.

"R. A. Weber and C. . Jackson, Review of Weldabiin of
Construction Materials, Intenim Report M-16X ADAO27IN
(CERL., January 1976).

REFERENCE
SOURCE
l HI
ARC VOLTAGE -V SIGNAL ALARM
ARC CURRENT-I —— COMPARATORS
TRAVEL SPEED-S CONDITIONERS -
‘ ALARM
WELD MEASURANDS
ANALOG
COMPUTER
MODULES

Figure B1. Block diagram of weld quality monitor. showing input signals from the welding arc.
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APPENDIX C:
OPTO-ELECTRONIC WELD EVALUATION
(OWE)

Direct quantitative measurements of certain pa-
rameters of welds in process are not possible for
several reasons:

I. The high weld temperatures destroy sensors
near the weld area.

2. Contacting sensors introduce a discontinuity
into the weld process, causing data uncertainty.

3. In the case of manual welding, subjectiveness
peculiar to the welder is indeterminant and variable.

Some indirect measurements such as thermocouples
are used, but these techniques exhibit time lags,
averaging effects, and other factors that decrease the
validity and reproducibility of the information.

Because of this inability to measure directly and
instantaneously the quantities relevant to a satisfac-
tory weld, a research program was implemented to
produce noncontacting instrumentation techniques.
These techniques, which use opto-electronic tech-
nology. can be used in the field to directly monitor
pertinent weld measurements such as cooling rate,
weld speed. and heat input. The measurements can
then be used as input to the CERL weld quality
monitor.

Opto-electronic technology is used to detect the
amplitude and wave length of radiation emitted by
the welding arc. A photodetector (or an array of
photodetectors), which is the primary sensor, has
appropriate circuitry to provide the required output
information.

Physics of the Welding Arc

The welding arc can be thought of as a gaseous
conductor which changes electrical energy into heat.
The welding arc can be defined as a particular group
of electrical discharges that are formed and sustained
by the development of a gaseous conductive medium.
The current carriers for the gaseous medium are
produced thermally and by field emission.

The arc current is carried by the plasma, the
ionized state of a gas composed of nearly equal
numbers of electrons and ions. Mixed with the
plasma are other states of matter, including molten
metals, slags. vapors, neutral and excited gaseous

atoms, and molecules. Measured values of welding
arc temperatures normally range between 5000 and
30,000° K, depending on the nature of the plasma and
the current conducted by it.

The amount and character of spectral radiation
emitted by arcs depend fundamentally on the atomic
mass and chemical structure of the gas, the tempera-
ture, and the pressure. Spectral analysis of arc
radiation shows bands, lines, and continua. Analysis
of radiation from organic-type covered electrodes
shows molecular bands caused by the existence of
vibrational and rotational states, as well as line and
continuum emissions from excited and ionized states.
The inert gas arcs radiate predominantly by atomic
excitation and ionization. As the energy input to arcs
increases, higher states of ionization occur, which
causes radiation to be emanated from higher energy
levels.

In this study, the fundamental method used to
develop noncontacting sensors was separation and
quantification of segments of weld spectra that could
be correlated to specific weld parameters. Figure Cl
shows the visible spectrum and a portion of the
infrared spectrum emanating from the argon-shielded
gas tungsten arc.

Optical Electronic Transduction Methods

Two methods of segmenting or partitioning weld
spectra are (1) selection of photosensors having a
spectral response only in the sections of the spectrum
to be measured, and (2) use of optical filters to limit
the wave length of radiation impinging on the
photodetector. For this work, the latter method was
used. Figure C2 illustrates the radiation physics and
adaptation of optical electronics in the application to
welds. Various combinations of commercial photo-
graphic filters made it possible to segment the arc
spectra into about five bands; this provided adequate
resolution to quantify weld flaws, as well as being an
extremely flexible procedure. Two examples will
briefly illustrate this process.

An analysis of the metallurgical phase diagrams
associated with weld nugget area suggested that the
normal (acceptable) weld spectrum and a deviant
spectrum characterizing a flaw would have wave
lengths greater than 700 nanometers. To implement
the “front end” of the sensor system, a Wratten-type
89b filter was selected and coupled with a type TIL-63
phototransistor. This provided a sensor system witha
photometric “*window™ of about 700 to 1050 nanom-
eters; thus, the desired spectra were detected while
extraneous spectra were attenuated.

et o
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Figure C1. Spectrum of the argon-shielded gas tungsten arc.

SPECTRAL RADIANT EMITTANCE OF WELD
NUGGET VARIES WITH WELD CONDITIONS,
OPTOELECTRONIC SYSTEM DETECTS VARIATION

WELD
SEAM IN WAVELENGTH DISTRIBUTION.

FILTER ASSEMBLY

NUGGET

3 AMP
< .

PHOTOTRANSISTOR
ASSEMBLY

' Figure C2. Opto-electronic system and application to welds.




Afiber optic light pipt was the transmission device
between the are and the phototransistor. Weld arc
instability or “sputtering” is one of the most common
flaw-inducing conditions encountered in the field.
Laboratory testing with radiometers indicated that
spectral lines emitted by an unstable arc were very
dense in the visible range; a ratton 57 cylinder placed
in the front end to quantify this phenomenon showed
notable results. Another flaw-inducing condition
detected by this device was magnetic arc blow.

Current opto-electronics research is concentrated
on developing rugged. high-temperature optical sys-
tems that will be durable enough for field use. The
results are very encouraging: the fiber optic bundles
used inthese devicesare | 16tol 8in. (1.6t0 3.2mm)
in diameter and have a pass band in the required
range of .4to 1.9 nm.

Large Scale Integration (LSI) and the WQM

The primary factor that makes the WQM a
practical tool is the confluence of welding engineering
and large-scale integration electronics technology.
Measurements and recordings of voltage. current,
and more recently, acoustic emission data are be-
coming quite standard. The CERL WQM is innova-
tive and unique in that it uses this data for in-siru,
real-time analysis for continuous and instantaneous
quality assurance.

OWE Status 1980

In CERLs prototype opto-electronic system con-
figured for field use. the spectrum is segmented and
quantified by a grooved spectrograph and linear
photodiode array. A high-temperature fiber optic
bundle is routed along the flexible cable hose assem-
bly to the welding gun so as not to interfere with
normal welding operations. This versatility makes
the system applicable to manual welding, which is the
principal method used by the Army. CERL has
successfully tested this configuration. and has found
that it can distinctly characterize flaws caused by slag

inclusions, loss of flux. loss of the argon cover gas,
and magnetic arc blow. Figure C3 shows the arc
spectral change for an argon gas cover system when
the gas flow is interrupted.

REFERENCES

Dorschu, K. E.. "Control of Cooling Rates in Steel
Weld Metal.” Helding Research Supplement
(February 1968).

Hackforth. H. L.. Infrared Radiation (McGraw-Hill
Book Co.. 1960).

Kearnev. F.. Nondesiructive Testing for Field Welds:
Real Time Weld Quality Moniror, Interim Re-
port M-251 ADAO058129 (CERL. August 1978).

Schultz. B. L...and C. E. Jackson, “Influence of Weld
Bead Area on Weld Metal Mechanical Proper-
ties.” Welding Research Supplement (January
1973).

Sharpe. R. W.. Research Techniques in Nondesiruc-
tive Testing (Academic Press, 1970).

Simon. R. E.. Elecrro-Optics Handbook (RCA,
1974).

Weber. R. A.. and C. E. Jackson. Review of Weld-
abhility of Construction Marerials. Interim Re-
port M-183 ADA027383(CERL. January 1976).

Weber. R, F. Kearney. and S. Joshi. Development of
a Weld Quality Monitor, Interim Report M-
183 ADAOQ27644 (CERL. July 1976).

Welding Handbook (American Welding Society,
1976).

=




$
[
I ]
I 1
f - I
I NORMAL WELD I
' .- L
r
. ] 3 {
' _E -+ i
: b I
. j’
. ] e
. I L
C
‘ HHHHH-HHAHHHHHHHHHHHHR R l:%{téw A ;
: + i
‘ I 3 :
r l -+ i <
f -
| 3 ;
‘ AAME M
: A Mf
i IV
!
] N _A
B pu ) 4 hd N
¥ I
[ I

300 450 600 750 900
WAVELENGTH (NANOMETERS)

~+

T
Fl I

FLAWED WELD (NO SHIELDING GAS) 1

T
-t

T

T T
T Y
LIAR I 20 FLIN B A 0n ]

NI TN T W E W
\R AN B T LI g e @ g

NI I T I e B Ewel N ) IS EEERY bl 2t g ENIEEEWE W dde ISR SYE bl -
T T LARE GRS ML LJNLE0 I8 A U SN AN BN Bt GRLAR O 4 et T LI L o L o g Tt 2 e

4

-

+ g

+ +

+ <+

+ -

+ +

+ -+

L 4

e L

-
/Mu L~ LA + N

- ¥ — .y =

300 450 600 750 900
WAVELENGTH (NANOMETERS)

Figure C3. Spectra obtained from CERI. weld quatlity monitor arc spectral analyzer.

.




ol

Chief ot Engineers
ATIN:  Tach Monttor
ATTN:  DAEN-AS]-L (2)
ATTN:  DAEN-CCP
ATIN:  DAEN.CW
ATTN:  DAEN-CWE
ATTN:  DAEN-CWM-R
ATTN:  DAEN-CWO
ATTN:  DAEN-CWP
ATTN:  DAEN-MP
ATTN.  DAEN-MPC
ATTN:  DAEN-MPE
ATTN:  DAEN-MPO
ATIN: DAEN-MPR-A
ATTN:  DAEN-RD
ATTN:  DAEN-RDC
ATTN:  DAEN-ROM
ATTN:  DAEN-RM
ATTN: DAEN-ZC
ATTN:  DAEN-ICE
ATTN:  DAEN-ICI
ATTN:  DACN-ICM

uUS Army Engineer Districts

ATIN: Library
Alaska
Al Batin
Albuquerque
Baltimore
Buffalo
Charteston
ihicago
Detroit
Far East
Fort Worth
Galveston
Hunt ington
Jacksonville
Japan
Kansas City
Little Rock
Los Angeles
Louisville
Memphis
Mobile
Nashville
New Orleans
New York
Norfolk
Omanha
Philadelphia
Pittsburgh
Portland
Riyadh
Rock Island
Sacramento
San Francisco
Savannah
Seattle
St. Louis
St. Paul
Tulsa
Vicksburg
Walla walla
Wilmington

US Army Engineer Divisions
ATTN: Library
turope
Huntsville
Lower Mississippi Valley
Middle East
Middle East (Rear)
Missour! River
New England
North Atlanmtic
North Central
forth Pacific
Ohto River
Pacific Ocean
South Atlantic
South Pacific
Southwestern

Waterways Experiment Station
ATIN:  Lidbrary

Cold Regions Research Engineering Lab
ATTN:  Library

US Government Printing Office
Receiving Sectton/Depository Copies (2)

Defense Technical Information Center
ATTN:  DOA (12)

CERL DISTRIBUTION

Engineering Societies Library
Mew York, NY

FESA, ATTN: Library
€TL, ATIN: Library
Engr. Studtes Center, ATTN: (ibrary
Inst. for Water Res., ATTN: Library

Army Inst1, and Major Activities (CONUS)
DARCOM - Dtr., Inst., & Svcs,
ATTN: Facilities Engineer

ARRADCOM
Aberdeen Proving Ground
Army Matls. and Mechanics Res. Ctr.
Corpus Christi Army Depot
Harry Diamond Laboratories
Dugway Proving Ground
Jefferson Proving Ground
Fort Monmouth
Letterkenny Army Depot
Natick Research and Dev. Ctr.
New Cumberland Army Depot
Pueblo Army Depat
Red River Army Depot
Redstone Arsenal
Rock Island Arsenal
Savanna Army Depot
Sharpe Army Depot
Seneca Army Depot
Tobyhanna Army Depot
Tooele Army Depot
wWaterviiet Arsenal
Yuma Proving Ground
White Sands Missile Range

FORSCOM
FORSCOM Engineer, ATTN: AFEN-FE
ATIN: Facilities Engineers
Fort Buchanan
Fort Bragg
Fort Campbell
Fort Carson
Fort Devens
fort Drum
Fort Hood
Fort Indiantown Gap
Fort lrwin
Fort Sam Houston
Fort Lewis
Fort McCoy
Fort McPherson
Fort George G. Meade
Fort Ord
Fort Polk
Fort Richardson
Fort Riley
Presidio of San Francisco
Fort Sheridan
Fort Stewart
Fort Wainwright
Vancouver Bks.

TRADOC
HQ, TRADOC, ATTM: ATEN-FE
ATTN: Facilities Engineer
fort Belvoir
Fort Benning
Fort Bliss
Carlisie Barracks
Fort Chaffee
Fort Dix
Fort Eustis
Fort Gordon
Fort Hamilton
Fort Benjamin Harrison
Fort Jackson
Fort Knox
Fort Leavenworth
Fort Lee
fort McClellan
Fort Monroe
Fort Rucker
Fort St11
Fort Leonard Wood

INSCOM - Ch, Instl. Div.
ATTN: Facilities Engineer
Vint Hill Farms Station
Arlington Hall Station

WESTCON
ATTN: Facilities Engineer
Fort Shafter

MW
ATTN:
Cameron Station
Fort Lesley J. McNatr ‘ :
fort Myer : !

HSC

factlities Enginger

R

HQ USAHSC, ATTN: HSLO-F o

ATTN:

Facilities Engineer ’ i

Fitzsimons Army Medical Center
Walter Reed Army Medicsl Center

USACC
ATIN: Factlities Enginser
Fort Huachuca

Fort Ritchie

MTHC
HQ, ATTN: MTMC-SA
ATTN:
Oakland Army Base
Bayonne MOT
Sunny Point MOT

US Military Academy
ATTN:
ATTN:

USAES

N:
Am:
ATTIN:

Chief Inst. Div., 1&SA, Rock Island,

USA ARRCOM, ATTN: 0Oir., Instl & Svc
TARCOM, Fac. Div,

TECOM, ATTH:

TSARCOM, ATTN: STSAS-F

Factlities Enginger

Facilities Engineer
Dept of Geography &
Computer Science

Fort Belvoir, VA
AT2A-DTE-EN
ATZA-DTE SU

Engr. Library

DRSTE-LG-F

NARAD COM, ATTN: DRDNA-F

AMRC,

ATTN: DRXMR.WE

NQ, XVIII Airborne Corps and
Ft. Bragg

ATTN:

AFIA-FE-EE

#Q, 7th Army Training Command

ATTN:

AETTG-DEK (5)

HQ USAREUR and 7th Arwy
0DCS/Engineer

ATTN:

V Corps
ATTN:

VII Cor
ATTN:

AEAEN-EH (4)

AETVDEH (5)

AETSDEN (s)

21st Support Command

ATTN:

US Army Berlin

ATTN:

US Army Southern Europaan Task Force
ATTN:  AESE-ENG (5)

US Army Installation Support Activity N
pe
AEUES-RP
8th USA, Korea
ATTN:  EAFE

Euro
ATTN:

AEREH (5)

AEBA-EN (2)

Fac Engr Act (8)
Yongsan Area

20 Inf Div

Area 1 Spt Det
Cp Humphreys
Pusan

Taegu

DLA ATTN: DLA-WI

USA Japsn (USARJ)
Ch, FE Div, AJEN-FE
Fac Engr (Wonshu)
Fac Engr (Ok{inawa)

ROK/US Combined Forces Command

ATTN:

EUSA-HHC-CFC/Engr

416th Engineer Command

ATTN: Facilities Engineering
Norton AFB
ATTN:  AFRCE-MX/OEE

248

Vot u




EMM Team Distribution

Director of Facilities Engineering
Miami, FL 34004

West Point, NY 10996
ATTN: Dept of Mechanics
ATIN: Library

Chief of Engineers
ATTN: DAEN-MPQ-U
ATTN: DAEN-MPZ-A
ATTN: DAEN-MPR
ATTN: DAEN-ROL

Fort Belvoir, VA 22060
ATTN: Kingman Bldg, Library
ATTN: Canadian Liaison Officer (2)

Fort Leavenworth, KS 66027
ATTN: ATILCA-SA

Fort McPherson, GA 30330
ATTN: AFEN-CD

Fort Monroe, VA 23651
ATTN: ATEN-AD (3)

USA-WES
ATTN: C/Structures

6th US Army
ATTN: AFKC-EN

7th US Army
ATTN: AETTM-HRO-EHD

US Army Science & Technology
Center - Far East Office

US Army Engineer District

Philadeiphia

ATTN: Chief, NAPEN-D
Baltimore

ATIN: Chief, Engr Div
Norfolk

ATTN: Chief, NAQEN-D
Wilmington

ATTN: Chief, SAWEN-D
Charleston

ATIN: Chief, Engr Div
Savannah

ATTN: Chief, SASAS-L
Jacksonville

ATTN: Const Div
Mobile

ATTN: Chief, SAMEN-C

ATTN: Chief, SAMEN-D
Memphis

ATTN: Chief, LMMED-DM
vicksburg

ATTN: Chief, Engr Div
Loutsville

ATTN: Chief, Engr Div

St. Paul

ATTN: Chief, ED-D
Omaha

ATTN: Chief, Engr Div
New Orleans

ATTN: Chief, LMNED-DG
Little Rock

ATIN: Chief, Engr Div
San Francisco

ATTN: Chief, Engr Div
Sacramento

ATTN: Chief, SPKED-D
Portland

ATTN: Chief, DB-6
Seattle

ATTN: Chief, NPSCO
Walla walla

ATTN: Chief, Engr Div
Alaska

ATTN: Chief, NPASA-R

US Army Engineer Division

New Englanc

ATTN: Chief, NEDED-T
North Atlantic

ATIN: Chief, NADEN-T
South Atlantic

ATTN: Chief, SADEN-TS
Huntsville

ATTN: Chief, HNDED-CS

ATTN: Chief, HNDED-SR
Ohio River

ATTN: Chief, Engr Div
Southwestern

ATTN:  SWDED-TM
Pacific Qcean

ATTN: Chief, Engr Div
North Pacific

ATIN: Chief, Engr Div

AFESC/PRT
Tyndall AFB, FL 32403

Tinker AFB, OK 73145
2854 ABG/DEEE

Patrick AFB, FL 32925
ATTN: XRQ

McClellan AFB, CA 95652
2852 APG/DE

Naval Air Systems Command
ATTN: Library
WASH DC 20360

Naval Facilities Engr Command
ATTN: Code 04
Alexandria, VA 22332

Port Huereme, CA 93043
ATTN: Library (Code LO8A)

washington, DC

ATTN: Transportation Research Board
ATTN: Library of Congress (2)

ATTN: Dept of Transportation Library

National Defense Headquarters
Director General of Construction
Ottawa, Ontario

Canada K1A 0k2

Airports and Construction Services Dir
Technical [nformation Reference Centre
Ottawa, Ontario

Canada K1A ON8

64

H
3
H
H
3
1
3
4
¥

S




e

Kearney, Frank W.

Nondestructive testing for field welds : real time weld quality monitor,
field tests/by F. Kearney, R. Weber, P. Williams. -- Champaign, IL : Con-
struction Engineering Research Laboratory ; Springfield, VA : available
from NTIS, 1981.

16 p. (Technical report ; M-295)

1. Nondestructive testing. 2. Welded joints -- testing. [. Weber,
Robert A. II. Williams, Peter. III. Title. IV. Series : U. S. Army.
Construction Engineering Research Laboratory. Technical Report ; M-295







