GRYER

E AT ERIIB . -
qi))gsyyxnﬁ HA NO. _ 2208  vpace_Title

Rmrt:h a De ve.opEanent

HA-220°

Progress Report No.S¢

DEVELOPMENT OF CONTROLS FCR
TIME-TEMPZRATURZ CHARACTERISTICS
IN ALUMINUM WELDMENTS -

CCNTRACT NO. NASEB-11¢30
Control No. DCN1-5-30-12723-01

Covering Period
December 1, 1965 thru December 31, 1965

Prepared For

George C. Marshall Space Flight Center
Natienal Aeronautics and Space Ad&inistration
i -~ Huntsville. Alabama

January 10. 1965

Prepared by: D. Q. Cole
Reviewed by: L. W. Davis

Approved by: P. Z. Anderson

By

HARVEY ENGINEERING LABORATCRIES
for Research and Development
a division of
HARVEY ALUMINUM (Incorporated)
16200 South Western Avenue
Torrance, California




VERER TN ERANG .
AR 0 RATO R E 3] HA NO _ 2206  paGE_ _ 1 ____
: R,mh : Deve.oprnent

The results of these tests shall not be
circulated, referred to, or otherwise used
for publicity or advertising purposes or for
sales other than those leading to ultimate
use by an agency of the Federal Government.



2 y

g IEN G ING ERIING)
DL L RR TS HA NO._2208  page_ it
-Lf;. N YJ.'( P:T.“mj\ -~ Dovgkipmont
TABLE CF CONTENTS
Section Title Page Nos,
ABSTRACT iii
1 ACCGMPLISHMENTS FREVICUSLY REPORTED I1.01-1.06
11 ACCCMPLISHMENTS DURING THIS REPORT
FERICD 11.01-11.03
111 ANTICIPATED WCRK FOR NEXT PERICD I11.01
v SCH:DULE AND PRCBLEMS ENCOUNTEZRED IV.01-1V.02
v DISTRIBUTION LIST V.01




T M ARTRR RIS

T

! Reeearmh & Deve.opment

Ugr s
Ju“— R NN P e A

RY

e
s I
0 v
- 7

ABSTRACT

i
-

This report contains a summary of accomplishments during
the first nine months of a two-phase research program to
develop methods, tooling concepts, and processes to control
the time-temperature characteristics in the weld and heat
affected zone, in order to improve tensile properties and
reduce porosity in aluminum weldments.

The results of the first phase, which consisted of a
survey of literature and industry, were reported in August
1965 (HA-2174). Equipment has been modified, with instru-
mentation installed to monitor welding variables. An
evaluation of infrared radiometers for application to the
program is in progress, and some favorable results are
indicated. Tentative thermal patterns for comparison of
chilled and unchilled weldments have been obtained, These
patterns show that chilling with liquid CO2 substantially
increases the cooling rate of weldments in both 5/16" and
1/2" 2014-T6 plate. Macrosections show reduced width of
heat affected zone and smaller grain size for chilled weld-
ments. Preliminary results of X-ray examination and tensile
tests indicate that chilling with liguid CCp reduces poresit
and improves tensile properties. Work on modification of
equipment and refinement of techniques for producing and
controlling optimum thermal patterns is in progress.
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I. ACCCMPLISHMENTS FREVICUSLY REFCRTED

A. Summary

During the four month period of Phase I, sixty-three
reports of previous work in related fields were reviewed,
and seventeen industrial and governmental organizations
ware contacted. By combining the pertinent information
from this survey with the original technical concept, a
program plan was developed for the experimental work to
be performed in Phase II. Materials have heen procured
and preliminary modification of equipment has been completed.
sxXperimental work has been initiated, with preparation of
reference weldments and preliminary studies using liquid CC2
for chillinz. Tentative data have teen obtained for thermal
patterns, tansile properties and porosity content of chilled
and unchilled welds in 2014-T€ plate.

B. Literature Revigwed

The purpose of the survey was to obtain information
which might be helpful in the performance of this program,
by avoiding duplication of effort and/or by supplementing
the original program concept.

Current abstract bulletins putlished bty the National
Aeronautics and Space Administration (STAR) and by the
Defense Documentation Center (TAB) were checked for reports
of wor¥ pertinent to fusion welding of alumninum, and signi-
ficant reports wers acquired for review.

A similar survey was made of applicable technical books
and periodicals, including those of the American Welding
Society, the American Society for Metals and the American
Institute of Mininz and Metallurgical gineers. Particular
emphasis was devoted to issues of the Weld1n2 Journal pub-
lished during the past ten years,

Sixty-three reports were selected for review and were
classified under three general subject areas according to
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their principal interest to this program: (1) Time-Tempera-
ture Studies, (2) Heat Flow Durinz Welding, and (3) General
Welding Techniques.

lio revorted or unreported work was found which would

indicate that any part of this program is a duplication of
effort. A considerahlie amount of information was oh“tained
which will facilitate the experimental port*cn of the prozram,
uarticularly that worl pertaining to heat transfar analysis
and specific weldinz technigues cur-ently in use for fatrica-
ting aerospace structures by welding the particular materials
involved.

C. Crganizations Contactec

Those orgzanizations and individuals who were considered
to he involvad in worl relatad to this program were contacted
for personal interview or for interview by telephone. The
cooperation was excellent, and in some cases special data were
furnished and tours of plant facilities arranged., 1In zeneral,
a great deal of interest was expressed in this program.

1t appears that at the present time, no specific weorl
is in prozress to develop data in addition to that alread
reported in the literature for development of *ime-tzmperature
ontrols or theoretical heat flow information for welding of

aluminum alloys.

However, in some worl recently completed bty Frankiord
Arsenal it was determined that three =significant trends were
noted in the microstructurs which indicate t»2 ma2rit of the
use of super-chilling during welding of aluminun:

(1) the amount of micro-porosity was substantially
lessened,

(2) the width of the zone of grain boundary melting
at the interface was reduced appreciably, and

(3) a finer grained cast structure was ohtained.

All of this work was performed on 0,0¢0" th
~aluminum allioys. In one set of experiments
(both rop and bottom) were cooled with brine at -45°F,
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In a second set, for which data has just been published, the
chill bars were cooled with liquid nitrogen. 1In each case,
welding was performed after the parts to be welded reached

a selected temperature, —30°F and 250°F, respectively.
Difficulty with condensation of moisture on the parts was
overcome by enclosing the part in a flexible plastic tbag
containing dry argon or helium.

A large amount of work has been done and is currently
in progress to improve the quality of weldments in aerospace
components fabricated from aluminum. Althouzh only a few
specific studies have apparently been conducted on a labora-
tory basis for determining the effect of time-temperature on
properties of weldments, a good many of the process controls
adopted for shop welding are aimed in the direction of
controlling thermal patterns.

D. Experimepntal Program
1. General

The experimental program will consist of two essential
steps. The first will bhe to establish realistic target therm
patterns designed to improve the weld properties, and the
second will be to devise and test various means of providing
the time-temperature controls required to attain the optimum
thermal patterns for welding the plate in two thicknesses,
1/2" and 5/16", in each of two alloys, 2014-T6 and 2215-T87.
Welding will be performed in the horizontal position by the
semi-automatic TIG process, using direct current straight
polarity, on square butt joint preparation, with 2319 filler
wire and helium shielding gas. It is contemplated that
cryogenic liquids and auxiliary heat sources will be used to
alter thermal patterns during welding. Tensile tests and
hardness surveys will be used to correlate mechanical proper-
ties with thermal patterns.
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2. Modification of Equipment

Existing equipment was modified for welding test panels
from one side in the horizontal position. The basic equipment
consists of a Miller Model A00/1200 power supply, a Miller
high frequency unit, a Berkeley Davis side beam and carriage
system, an Airco TIG welding torch and wire feed system with
mounting brackets, a fixture for 12" x 48" weld panels, a
cryogenic jet spray system, and suitable brackets and attach-
ments for mounting radiometers.

3. Instrumentation

The instrumentation for monitoring welding process vari-
ables and thermal patterns in the weld panels consists of a
Weston ammeter and a voltmeter, an optical tachometer, a Leeds
& Northrup 12-channel temperature recorder with thermocouples,
an Airco helium flowmeter, an Airco filler wire speed regu-
lator, and a Tektronic oscilloscope.

Additional instrumentation being evaluated on a loan
basis includes fixed point infrared radiometers, a Barnes scan-
ning infrared radiometer, and a Honeywell Visicorder.

4. Reference Weldments.

In order to establish reference data to which future
experimental welding will be compared, weldments in each of
the aluminum plate materials were fabricated under monitored
conditions without the use of chilling. The thermal pattern
data in connection with the mechanical and metallurgical
characteristics of these weldments will be used as the start-
ing point for alteration of thermal patterns to improve the
properties.

Weldments of satisfactory physical appearance were
produced in 5/16" thick and 1/2" thick 2014-T6 plate using
the following welding parameters for the penetration pass:

Thickness Amps, Volts  Weld Travel
5/16" 250 i4 9.0 ipm
1/2" 300 i6 6.5 ipm
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5. Preliminary Check-out of Cryogenic System

Preliminary trials of the liquid CO2 system indicated

that more than adeguate chilling eff

the back side of the weld. A 250 1lb. cortainer with flexible
delivery tube and a variety of nozzles with orifice sizes
from 0.008" to 0.032' have been received.

.L\..\—x. anmaciitme 92

6. Pr minary E men Res s Us Liguid CC
Ch in

a, Time-T S s

Tentative tharmal patterns have been plotted from data
obtained duringz preliminary experimental work to determine the
effect of chilling with liquid CC2. Substantial changes were
noted for welds in both the 5/16" and 1/2" 2014-Th6 plate. The
total time at temperaturas above 500°F was reduced over 25%
by chilling. The quench rate from 750 to 500°F was more than
doubled for 5/16" welds and increased almost 40% for the 1/2"
welds.

b. Metallurgical Studies

Macrosections of weldments indicated a narrower heat
affected zone and reduced grain size for chilled weldments.

c, X- nd Fracture Studies

Results of preliminary X-ray examination and tensile
test and fracture studies indicate that chilling the back
side of the weld with liquid COp effects some reduction in
gross porosity. For welds in 5/16" 2014-Té6 plate, the aver-
age porosity for all specimens from the unchilled weld panel
was 5%, while the average porosity for all specimens from
the chilled weld panel was 2%. indicating that chilling re-
duced the amount of this porosity by a factor of more than
two. For specimens from the 1/2" plates, welded without the

addition of filler, X-ray results and fracture studies indi-

cated less than 1? porosity in both chilled and unchilled

“welds.
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Gross lineal porosity appears to bhe associated with
the addition of filler wire. The causes for fine scattered
porosity have not yet been determined. 1In both instances,
the causes must be investigated and corrected before the
effect of chilling on eliminating or reducing porosity and

improving weld properties can be properly evaluated.

While these results cannot be considered conclusive,
and indicate the need for further refinement of general weld-
ing techniques, there appears to be sufficient evidence of
improvement to warrant further development of the current
concept,

3

d. Tensjile Tests

The fbllowing table shows averages of tensile test
results for specimens from welded panels in 5/16" and 1/2"
2014-T4 plate:

Comparison of Tensile Properties of Unchilled Welds
and Welds Chilled. Licuid CC D14-T6 P
(Preliminary Data)

1 T Tamadla Dranawtd o

S C" T t H Al b e & MY S b e d a2
pecimen es Unchilled| Chilled |Improvement

5/16" Yield (psi) 27,200 30,300 8.6%

Bead on Ultimate (psi) 42,100 45,500 8.1%

% Zlongation in 2'f 5.0 7.0 20.0%

1/2" Yield (psi) 27,500 31,500 14.5%

Bead on | Ultimate (psi) 45,300 47,600 5.8%

% Elongation :mn 2| 5.5 6.0 ¢.1%

It appears that there are improvements in tensile
strength ranginz from approximately 5% to 14% for welds chil-
led by CO2 over unchilled welds, with correspondinz increases
in elongation. Although the observed improvement is based on
limited data, it is believed that there is some justification
for optimism as the tests were randomized by the fact that
two thicknesses were welded, thus averaging out variables

which might not have been precisely controlled.
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II. ACCCMPLISHMENTS DURING THIS REPCRT FERICD
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The principal efforts during this report period were
devoted to preparation of a paper to be presented at the
welding symposium on January 18-19 in Huntsville, a study
on weld backing materials, and further modification of
equipment for more precise control of welding variables.

b o)

B. Symposium Paper

A summary of the program with illustrative slides was
prepared for presentation at the Third Welding Symposium
to te held at NASA facilities in Huntsville on January
18-1G, 1966,

C. W B M S jes

Bead on plate welds were used to investigate various
materials selected for application to the btack side of the
weld in an effort to improve the efficiency of chilling with
ligquid CC2 jets without mechanical damage to the underbead
from the force of the jets. Dacking materials investigated
included adhesive and non-adhesive glass tape, fine copper
mesh, coarse copper mesh, copper foil and aluminum foil.

All materials were cut into strip approximately two inches
wide and twelve inches long. These strips were fastened in
series over the underbead side of the plate to be welded
using adhesive glass tape. Double gzlass tape (adhesive

glass tape over non-adhesive glass tape) was placed at inter-
vals between the materials being investizated, and additional
intervals were left uncovered for comparison.

All welding and chilling variables were kept constant
for each plate thickness, and macro-sections were prepared
to compare the efficiency of each material for heat extrac-
tion,

By comparing the size of the cast weld nuzgets
os

a
in the photographs of macrosections contained in Figures
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through 4, it appears that copper foil transfers heat most
efficiently. However, the size of the heat affected zone
remains essentially the same for the two copper meshes, the
copper foil, the aluminum foil, and the single glass tape.
Therefore, final selection of the backing material to be
used throughout the remainder of the program will be based
on further testinz to determine the relative degrees of
mechanical deformation of the underbead (on actual weld
seams) and the ease of application for each of these
materials.

D. Modificati f E
1. Zlectrode Positioner

a. Vernier scales were attached to the electrode holder
so that the position of the electrode in both the horizontal
and vertical directions (with reference to the weld panel)
can be measured accurately,

b. A gauge was devised to measure the extension of the
electrode from the collet.

¢c. In the absence of an electrode 'proximity control',
a feeler gauge is being utilized to set the distance between
the electrode tip and the work piece. It has been necessary
to make adjustments manually to maintain this distance con-
stant (i.e., constant arc length) as welding proceeds along
the length of the panel. Variations occur when the panel
is not perfectly flat, due to bowing of the as-received
material and/or thermal distortion during welding. Variations
in electrode distance result in changes in arc voltage and
welding heat input. As it is extremely important that heat
input bte kept constant to obtain consistent weld quality and
to accurately calculate time-temperature data, this condition
must be remedied. Initial steps were taken to acquire a
‘"proximity control' which will be adaptable to the current
equipment setup without extensive modification.
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d. A Free Bend break test fixture was fabricated so
that examination of the weld fracture can be accomplished
immediately after welding, thus minimizinz delays caused
by waiting for X-ray and tensile test results.
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1ACB-1
Chilling:  Liquid CO,
Jet System No. 1
Backing Material:

None

1ACB-2
Chilling: Liquid CO,
Jet System No. 1
Backing Material:
Single Glass Tape

1ACB-3
Chilling: Liquid CO,
Jet System No. 1

Backing Material:
Double Glass Tape

1ACB- 16
Chilling: None
Backing Material:

None

12707

Figure 1. Efficiency of Glass Tape Backing Materials — Macrosections of Bead-on-Plate
Walds in 5/16 INCH 2014-T6 Plate (3X)
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1ACB-1
Chilling: Liquid CO,
Jet System No. 1
Backing Material:
None

1ACB-7
Chilling: Liquid CO,
Jet System No. 1
Backing Material:
Copper Foil

T1ACB-14
Chilling: Liquid CO,
Jet System No. 1
Backing Material:
Aluminum Foil

1ACB-16
Chilling:  None
Backing Material:

None

12709

Figure 2. Efficiency of Metal Foil Backing Materials — Macrosections of Bead-on-Plate
Weids in 5/16 INCH 2014.-T6 Plete  (3X)
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1ACB-1

Chilling: Liquid CO,
Jet System No. 1

Backing Material:
None

1ACB-12
Chilling: Liquid CO,
Jet System No. 1

Backing Material:
Coarse Copper Mesh

1ACB-13
Chilling: Liquid CO,
Jet System No. 1

Backing Material :
Fine Copper Screen

1ACB-16
Chilling: None
Backing Material:
" None

1210
Figure 3. Efficiency of Copper Mesh Backing Materials — Macrosections of Bead-on-Plate
Welds in 5/16 INCH 2014-T6 Plate (3X)
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1BC-1
Chilling: Liquid CO,
Jet System No. !
Backing Material:
None

1BC-2

Chilling: Liquid CO,
Jet System No. 1
Backing Material:

Double Glass Tape

1BC-3
Chilling: None
Backing Material:
None

12708

Figure 4. Efficiency of Glass Tape Backing Materials — Macrosections of Bead-on-Plate

Welds in 1/2 INCH 2014-T6 Plate




Mcn & Deve,opment

L
J& kP AN LG DAL AN A

III. ANTICIPATED WCRK FOR NEXT PERIGD

‘During the next reporting period, it is expected that

 twork on modifzcatxon ufvveidxng equipment will. be continued

‘“time temperature data.
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-IV. SCHEDULE AND PRCBLEMS ENCOUNTERED

The schedule ‘shown on the fol 16?155 pag was revised in

‘approximate
Variaus functi s as shown belov.. -

Engineering ;};_%Sﬁap_;

100 183.0 100 143.0
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