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I. INTRODUCTION

, In accordance with Items 2 and 5, Section of Contract NOas 58-108-c,
Aeroprojects surveyed the aircraft, missile, and electronics industries
to determine the areas in which ultrasonic welding techniques could be
most helpful and how ultrasonic welding equipment developments should be

) channeled to do the most good for the defense industry. The survey,
undertaken in 1958, included eleven important suopliers of the Department

’ of Defense who were carefully chosen as potential users from whom a repre-
sentative cross section of present and future requirements of ultrasonic
welding equipment needs could be obtained.

Ii. APPROACH TC SURVEY

Because the former Bureau of Aeronautics had been closely associated,
for the past several years, with the development of ultrasonic welding,
. Aeroprojects obtained the Bureau's help in the selection of contractors
so that a wide variety of metal joining problems would be covered, The
suggestions of the Bureau were combined with Acroprojects' extensive
. background in ultrasonic welding in planning visits to defense instal-
lations to obtain the desired information.

A major objective of the survey was to be the delineation of present
and future joining problems so that develooments in ultrasonic welding
techniques and equipment could be directed toward the accomplishment of
maximum results in the over-all defense effort,.

It was decided that in the aircraft and missile structure, jet engine,
nuclear propulsion, rocket and missile engine, and electronic industries
a wide range of important problems would be encountered, and that the in-
vestigations should include a detailed survey of materials, material com-
binations, material thicknesses, geometric and space considerations, and
other special problems pertinent to each industrye.

Tne fcllowing eleven defense industries were visited: |

1. Sperry Rand; Long Island, New York, January 15, 1958.

2. Pratt & Whitney; CANYXL Project, Middletown, Conn., January 27,
1958,




3. Pratt & Whitney Aircraft; East Hartford, Conn., January 27,
1958,

L. Sprague Electric, North Adams, Mass., January 28, 1958.

5 Boeing Aircraft Company; Seattle, Wash., February 7, 1958.
6. Lockheed Aircraft; Sunnyvale, Calif., February 10, 1958.
7. Lockheed Aircraft; Palo Alto, Calif., February 10, 1958,
8. Douglas Aircraft; Santa Monica, Calif., February 12, 1958,

9. Rocketdyne, North American Aviation; Canoga Park, Calif.
February 13, 1958,

10. Chance-Vought; Dallas, Texas, February 19, 1958,

1l. ANP Division of General Electric; Evendale, Ohio, March 3,
1958,

Thus the major defense industries were adequately coverede Diver-
gent views and approaches to the fabrication of structures, engines, and
electronic parts were obtained, and from the standpoint of welding prob-
lems a wide range of materials, material gages, geometries, and special
considerations were covereds It is considered that the information ob-
tained generally applies to a large section of industries engaged in
Department of Defense worke

III, SUMMARY OF VISITS AND DISCUSSION OF REQUIREMENTS

The correlation of detailed information obtained from the eleven
visits (see Appendix) indicates that the problems tend to lie in either
of two general areas.

The most important area seems to be in welding of high-temperatuce,
high-strength alloy sheets in gages from 0.020 in. to 0.5 in. Although
different materials were mentioned by different companies, difficulties
in welding molybdenum to molybdenum, molybdenum to high-cobalt nickel
alloys, beryllium to beryllium, titanium alloys to themselves and to
stainless steel, and stainless steel to aluminum illustrate joining prob=-
lems requiring immediate solution. Many companies indicated that their
interest is in welding of materials up to 1/10- or 1/8-in. maximum
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thickness; some companies specified thicknesses as high as 1/2 in. Almost
| all of the companies are interested in both spot-type and continuous ultra-

sonic seam welds in the materials and gages mentioned.

, Since most of the structures in the aircraft and missile industry
are rather large, machines having large throat depths are requireds In

| some applications throat depths of 5 to 6 feet would be desirable., In
other applications, where the work pieces can not be moved, portable
welding heads of a wide variety of shapes and sizes are required. It
appears that a full range of ultrasonic spot- and seam-welding equipment--
large floor models, table models, and portable heads--are required,

: Equipment with power ratings of 3 to 12 times the present LOOO-watt units
probably will be required to solve the full range of problems uncovered.

On the other hand, the electronic components and the electronic

assembly companies are interested in very light and thin materials, such

as metalized vaper or metalized plastic; in attaching 1 to 2-mil aluminum

and gold wires to silicon or germanium; or in sealing of small-diameter

holes in delicate parts. Although space limitetion is a major problem

in many of these applications, the Jjoining of dissimilar metals, as in )

the missile and aircraft industry, is very important. However, the dis-

similar metal combinations in the electironic industry are in many cases [
. different from those of interest to the structures and engine manufac-

turers.

Extremely small ultrasonic welders are required for many electronic
applications. These units must be low in power and small in size. Many
of the units required will be table models where the work can be brought
to the welder and in many cases this will be accomplished on automated
production equipment., In other applications extremely small portable
tweezer~-type units are required.

One common point, raised by structures, engine, and elazctronic
companies, is the need for military specifications for use with ultra-
sonic welding.

Many companies indicated that military svecifications covering at
least some materials or some combinations of materials would be of assist-
ance in using this new metal joining technique in defense work since ores-
ent resistance welding specifications are not avnlicable. These companies
also indicated that without a military specificaticn it would be quite
difficult for them to undertake the use of this new welding technique be-
cause government insvectors would be reluctant to accept the use of the
equipment without some official means of checking the process.

The question of the nossible welcing of ceramics, cermets, or metals
to ceramics and cermets was raised in several places. This seems to be
an important and very difficult problem and may be an area which should
be explored. L




IV. CONCLUSIONS

The many contacts made by Aeroprojects personnel, both in the field
and with parties visiting Aeroprojects in West Chester to discuss their
metal joining requirements, reinforce the findings of this survey, Con-
tacts made outside of this survey cover many other industries engaged in
the defense effort; and in most cases the general pattern of problems is
similar. It may be concluded that:

1, The advantages to be gained by using ultrasonic welding are
creating much interest, particularly in the joining of high-
temperature and high-strength materials now of so much interest
to the aircraft and missile structure industries.

2. The joining of dissimilar metals without the intermetallic com-
pounds, normally associated with fusion welding, appeals not
only to the structures groups but also to the electronics
industries.

3. To meet the needs of aircraft and missile structures and engine
applications, both spot-type and continuous ultrasonic seam
welding equipment must be developed with power of 10 to 25 kva,

L. To meet the needs of the electronics applications several sizes
and types of welders of 100-watts and less are required.

5. Military specifications covering at least a few basic types of
materials should be developea to form a pattern for the broad
range of similar and dissimilar metal combinations,

6. Because no arcing, sparking, or sputtering is produced to con-
taminate surrounding areas, the advantages of ultrasonic welding
have raised widespread interest in the electronics field,

7. Exploratory investigations in the welding of ceramics, cermets,
and metals to ceramics and cermets should be undertaken to de-
termine the potential in this general area.

8. Ultrasonic welding equipment is presently available to meet
many of the needs in the electronics field and in some of the
structural applications. However, there is still work to be
done in developing techniques, special tools, and special tips
to meet the requirements imposed by geometry and space problenms,
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APPENDIX

AIRCRAFT, MISSILE, AND ROCKET ORGANIZATIONS

INTERESTED IN ULTRASONIC WELDING

Organization

Area of Interest

Aerojet-General Corp.
Azusa, Calif,

Boeing Airplane Co.
Seattle, Washe

Chance-Vought Aircraft, Inc.
Dallas, Texas

Convair Astronautics
San Diego, Calif,

Douglas Aircraft Coe.
Santa Monica, Calif.

General Electric Cos
Aircraft Nuclear Propulsion
Evendale, Chio

Grumman Aircraft Eng. Corp.
Bethpagze, New York

Lockheed Aircraft Corpe.
Burbank, California

Lockheed Aircraft Corp.
Palo Alto, Calif.

Lockheed Aircraft Corp.
Missiles Systems Division
Sunnyvale, Calif,

Heat-treated steels up to 1/8 in. thicke.

Beryllium, molybdenum-titanium alloy, ti=
tanium alloys, and 17-7 PH stainless
steel; dissimilar combinations of high-
temperature metals; spot and seam welding
in relatively heavy gagese

Molybdenum-titanium alloys and titanium
alloys; welding of three or more layers
at one time,

301-N and 17-7 PH stainless steel, K Monel,
and 7075 aluminum alloy; welding of up to
ten layers at one time,

Heavy gages of heat=treated steel such as

L340,

Molybdenum, cermets, and 17-7 PH stainless
steel up to 1/8 in. thick; spot and seam
welding of three or more layers at one
time,

Uilssimilar combinations of high-tempera-
ture metals such as titanium alloys.

Titanium alloys to 17-7 PH stainless steel.

Beryllium, cermets, and dissimilar combi-
nations of high-temoerature metals,

Beryllium, cermets, cermets to metals,
and stainless steel up to 1/2 in. thick,
and dissimilar combinations of high-
temperature metals; seam welding in rela-
tively heavy gages.

5




Organization

Area of Interest

Pratt and Whitney Aircraft
Jet Engine Division
East Hartford, Conn.

Pratt and Whitney Aircraft
CANEL Operation
Middletown, Conne.

Rocketdyne Division
North American Aviation, Inc.
Canoga Park, Calif,.

Sperry Rand
Long Island, New York

Sprague Electric
North Adams, Masse.

High-temperature alloys such s AMS5504
and AMS5512 stainless steels, Inconel,
and titanium alloys.

Molybdenum, niobium, tungsten, stainless
steel, and other metals and alloys up to
1/8 in. thick; metals to cermets; spot
and seam weldinge

Molybdenum and 4130 heat-treated steel;
dissimilar combinations of high-tempera=-
ture metals of heavy gage; seam welding.

Welding of small aluminum, molybdenum,
and stainless steel partse

Welding of a wide variety of dissimilar
metals; connecting lead wires tc metalized
paper or plastic; and sealing of small
diameter filler holes.
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I. GENERAL DESCRIPTION OF ULTRASONIC EQUIPMENT

A.  TRANSDUCERS

With either the lateral drive, or wedge-reed, coupling systems des-
cribed below, the transducer usually consists of a stack of thin Alfinol,
nickel, Permendur, or nickel-cobalt alloy laminations embraced by a low
voltage d-c polarizing coil and an a-c excitation coil. Metallurgically
bondcd to the coupling system as by brazing, these transducer materials
are rugged, readily maintained within practical operating temperatures
(below about 200°F) even at fairly high welding repetition rates of
18-2}; welds per minute, Other transducer materials such as the ceramic
types are cheaper and have advantages of better efficiency and absence
of coil requirements, but they have not been used extensively to date,
possibly because of attachment problems, fragility, high voltage require-
ments, and a low Curie temperature with poor thermal conductivity plac-
ing great emphasis on cooling, especially when high-power, high-repeti-
tion-rate welding is necessary, as in production, Ceramics with higher
Curie temperatures are being developed.

B. FREQUENCY

In vibratory welding, frequency per se seems to have no great prac-
tical significance in so far as "critical" frequencies permit or prevent
welding.

Each welding machine does have a narrow frequency band within which
it operates best just as does an ultrasonic drill, soldering device,
cleaner, etc, With thicknesses or with materials demanding the maximum
available power from a specific machine, it is sometimes possible to im-
prove weld strength somewhat with fine adjustment of the frequency inside
the narrow band at which the welding machine operates best, If for
example, a 2000-watt machine operating at a nominal frequency of 15,500
cycles per second is used for thick or hard materials demanding its full
power, it is sometimes possible to produce welds of higher quality or
strength by precise adjustment of the frequency in a range of about
15,300 to 15,800 cycles per second. If the same work pieces were joined
with a LOOO-watt machine, very good welds would be produced without re-
gard to precision adjustment, "Fine tuning" acts to bring the output of
a machine to the razor edge of its maximum,




Within the narrow band at which a welding machine operates, the
slight differences in best operating frequency sometimes observed with
different material thicknesses result from minor force sensitivity of
the transducer-coupling system, differing impedances presented by dif-
ferent materials or gages, temperature changes, or other factors none
of which involve a significant frequency--material--gage interaction,

To emphasize further this point, which seems to be a source of mis-
understanding, it can be stated flatly that a 2000~ or a LOOO-watt weld-
ing machine operating at its nominal 15,000 cycles per second, approxi-
mately, will join 0,002-in, aluminum foil, 0.,002-in, copper, and other
thin or delicate materials in a fraction of a second at reduced power.
This can be likened to pushing one egg with a bulldozer and is not
recommended. The 2000-watt machine will also join aluminum in thick-
nesses ranging up to about 0,045--0,060 in., and the L000-watt machine
will handle aluminum materials in thicknesses up to about 0.070--0,080
in,, copper of about 0,060 in. thickness, and stainless steels up to
about 0.032 in, On the other-hand, a 100-watt welding machine which
operates at 50,000 or 60,000 cycles per second, will also join the same
thin copper or aluminum or other delicate materials, but it will obvious-
1y not join heavy aluminum simply because it is very small and does not
have enough power,

In general, very small (usually low-power) machines for fine work
operate at relatively high frequencies, i.e., 50 kc or more, and large
(high-power) machines operate at comparatively low frequency, i.e.,

15 ke or less, but these welding machine operating frequencies are gen-
erally defined by the electromechanical and power handling characteristiecs
of the transducers used and not by any frequency association with the ob-
ject being joined, Welding machines within the 15--50-kc frequency band
have been built and are in use as well, and they are usually of inter-
mediate power,

It will be noted that the welding machines described in the follow-
ing pages offer the operator convenient controls for welding power and
weld time intervals only., These machines can be operated at full power
and their effectiveness for different materials and material thicknesses
that fall within their power capacity can be controlled by simply short-
ening or lengthening the weld time interval and adjusting the clamping
force,

Two basic ultrasonic welding systems are used in a wide range of
equipment which is capable of handling from 25 to LOOO watts of high-
frequency electrical power, delivered at a suitable frequency to accom-
modate the welder being used on any application,

10
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C. LATERAL DRIVE SYSTEM

The lateral drive system, schematically illustrated in Figure 1, is
used in the smaller welders accepting power of around 300 watts and less.
The alternating current electrical energy is delivered to the coil of
the magnetostrictive transducer where it is converted into vibratory
energy by alternate lengthening and contracting of the transducer core
under the influence of the alternating electrical field., The transducer
usually consists of a stack of nickel, Permendur, Alfinol, or nickel-
cobalt alloy, which is attached to an exponentially tapered coupler, the
free end of which drives either a resonant or nonresonant welding tip
(see Figure 1). The lateral motion of the tip delivers the vibratory
energy to the material being welded. A clamping force, applied as a
moment around the welder head mounting pivots, holds the weldment be-
tween the welder tip and the work support known as the anvil, An impor-
tant consideration in lateral drive vibratory welders is the need for
force-insensitive mounts between the coupler and the trunnions., Larger
energy losses need to be precluded, and there should not be substantial
interaction between clamping force and coupler response frequency,

D. WEDGE-REED SYSTEM

Larger equipment, requiring more than about 600 watts, is usually de-
signed to use a wedge-reed coupling system as schematically represented
in Figure 2, The transducer and coupler function in the same manner as
previously described for the lateral drive system with the exception
that the coupler energy is transmitted through a reed (sonotrode) instead
of directly to a welder tip. The sonotrode is fixed at the upper end,
and flexes rather as indicated when excited by the transducer wedge,
Losses in the sonotrode are reasonably low and the wedge-reed system
offers quite acceptable force-insensitive characteristics in the clamping
force range upwards of 2000 pounds, Attached to the free end of the sono-
trode is the welding tip. The clamp force, delivered through the sono-
trode by column loading, holds the tip in contact with the weldment sup-
ported by the welder anvil, while the vibrating tip delivers the welding
energy.

BT
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E. ELECTRONIC PCWER SOURCES

Of no relation whatever to the verformance of an ultrasonic welding
machine is the fact that the electronic gear which provides power for the
welding machine may well offer a fairly broad range of operating frequen-
cies. For example, some power packages sold with welding equipment,
esvecially older experimental models, will operate over the entire fre-
quency range between about 5000 and 100,000 cycles per second. Buyers
of ultrasonic welding equipment sometimes like to consider the use of
ultrasonic welding machine generatcrs for purposes other than welding,
even though the welding machine which goes with the generator does, in
fact, orerate only within a relatively narrow frequency band of a few
hundred cycles. In some cases, generators have been eocuirved with fre-
quency ovand switches so that, for example, they could be used for cleaning
experiments, at say, 35 kc; the band switch would then permit the tuning
dial to span only 3L to 36 kc, thus providing the cleaninpg experimenter
with a fine frecuency adjustment to match the frequency of his cleaning
transducer system,

A typical block diagram for an electronic power source is illustrated
in Figure 3. This equipment usually has five major components: an oscil-
lator to generate the driving signal frecuency, an amplifier to raise the

A-C LINE, 120, 240 OR 480 VOLTS, 6O CYCLES, ! # OR 3¢

POWER POWER BIAS POLARIZATION
SUPPLY SUPPLY SUPPLY SUPPLY

M 4

POWER POWER MATCHING
OSCILLATOR [+ CONTROL — AMPLIFIER AMPUFER—.NETWORK—‘ TRANSDUCER

Figure 3. TYPICAL ELECTRONIC POWER SOURCE BLOCK DIAGRAM
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signal to the desired power level, power supplies for both oscillator
and amplifier, and a polarization supply for the transducer,

The oscillator converts 60-cycle electric current from the input
power line to the desired high-frequency required for transducer opera-
tion.

The amplifier delivers the high-frequency electrical energy from
the oscillator through a transformer and through an impedance-matching
network into the transducer., Push-pull Class B operation, which is not
uncommon, insures good efficiency., Power-supply units for the amplifiers
conveniently incorporate mercury-vapor rectifiers with choke-input-fil-
tering to provide regulation for Class B operation,

The polarization supply, which provides direct current for polarizing
the magnetostrictive transducers, usually involves a conventional recti-
fier circuit, A reactor or filter choke will prevent loss of ultrasonic
power into the polarization circuit,

Filters and blower units should be built into all higher power elec-
tronic sources to provide adequate cooling of the equipmen% with clean
air,
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II. ULTRASONIC WELDING RELIABILITY RATIONALE

Ultrasonic spot-type welding has been extensively proven and is
ready for application to many structural problems, as well as to elec-
trical and electronic problems, of the aircraft, missile, and associated
industries., Extensive testing in various structural aluminum alloys has
demonstrated that ultrasonic welds are equivalent or superior to resist-
ance spot welds in both ultimate and fatigue strengths. Figure L re-
presents pooled data, randomly obtained, from ultimate tensile shear
testing of both 201L4-T6 and 202L-T3 aluminum alloy. The low-strength
scatter, less than + 50 pounds, is based on a 90% confidence interval,
Due to the present lack of specifications for ultrasonic welds, the re-
sults are compared to the requirement for resistance spot welds per
specification MIL-R-6858A, Test specimen sizes were also prepared to
the same specification,

Figure 5 further exemplifies the reliability of the ultrasonic spot-
type welding process for joining structural aluminum. Tensile shear
strengths of daily control specimens were statistically analyzed to de-
termine the variations encountered over a fixed period of time. The data
presented are completely randomized; specimens were prepared by different
persons using different equipment at different times of the day. It is
thus straightforward to qualify a welder (Note Day 2 Set No., 1 of Figure 5).
Analysis of this seven-day period shows an average spot strength of 930 +
60 pounds based on a 90% mean confidence interval,

Due to the relatively short history of ultrasonic welding, complete
data such as the above, are not yet available for all metals and combi-
nations of metals desired by industry, but the data being collected in-
dicate that similar quality and reproducibility can be expected. Data
relative to ultrasonic welding of ferrous, nickel, titanium and copper
alloys are fairly comprehensive and show good results,

15
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I1I. DESCRIPTIONS AND CAPABILITIES OF AVAILABLE EQUIPMENT

A. Typical 100-Watt Welder

Many joining requirements of the electronic component manufacturing
companies can te fulfilled by a 100-watt ultrasonic welder,

A typical unit consists of a small precision welding head and a
100-watt output electronic power source which provides the necessary
driving power at the proper frequency. Easily accessible controls are
provided for controlling power, welding interval (time), and clamp force--
which though not especially critical can improve quality and save time,
Once established for a given weldment, no further adjustments are neces-
sary.

These welding units have been extensively employed in the fabrica-
tion of semiconductors where fine wire leads, 0,001 to 0.007 inches in
diameter, are welded directly to semiconductors such as silicon and
germanium, These junctions, which are sound bonds with extremely low
resistance, are produced with no resulting heat damage to the leads or
the semi-conductors.

As work supports (e.g. "anvil") micromanipulators for positioning
work and microscope viewers have been incorporated into special welders
to provide the handling and operating precision required for certain
applications, Other welders have been designed for installation into
automated production assembly equipment, Exceptional adaptability of
this unit adds to its potential usage in the electronics field.

A 1list of metals and gages successfully welded with the 100-watt
Welder includes:

Dissimilar metal welds

0.,003-in, diameter gold wire to silicon or germanium.
0.007-in, diameter aluminum wire to silicon or germanium.

One-metal welds
0.003-in, thieck 1100-H19 aluminum alloy.

0.,001-in. thick gold
0.001-in. thick commercially pure copper.
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B. Typical 3C0-Watt Welder

Wires and foils, commonly used in the electroaics industries, which
exceed the capacity of the 100-watt machine, can be satisfactorily welded
' by a 300-watt ultrasonic welder,

A scaled-up version of a 100-watt machine, this unit operates at a
| much lower frequency because of its size and also incorporates the lat-
| eral drive transducer-coupling configuration. The Power Package pro-

i vides the power and weld interval (time) controls and the welding ma-
chine includes the clamp force control and indicator. The operator has
no frequency control. As with the smaller model, once the machine set-
tings are established for a given weldment, no further adjustments are
necessary. The welding cycle is activated by a foot switch.

The 300-watt machine has been used by electronic and electrical
component manufacturers in the following applications:

Welding wire leads to foil capacitor and transformer cores.
Joining foil in both similar and dissimilar metal junctions.
Welding bridge wire assemblies for explosive detonators.

, The following is a partial list of metals and gages ultrasonically
spot-type welded with the 300-watt unit as one-metal welds:

0.012 in, thick 1100-H1lL aluminum alloy
0.005 in, thick 1/2 hard commercially pure copper.




C. Typical 600-Watt Welder

A 600-watt ultrasonic welding machine meets the requirements of the
electric and electronic industries for the welding of moderately heavy
circuit wiring. This equipment also meets the requirements for spot-
type welding of light gage structural materials.

This is one of the smallest wedge-reed types of ultrasonic welding
machines and it provides good clearances for workpieces, The welding
machine will handle up to 600 walits of high frequency power from the
electronic power source at good repetitive rates, Power and time set-
tings are adjusted on the face of the generator, while the clamp force
control is located on the welder head,

The 600-watt ultrasonic welder has been used successfully for elec-
trical and electronic applications such as bridgewire welding, thermo-
couple fabrication, component assembly, and joining lead to printed cir-
cuit boards. The ability to weld light gages of aluminum, copper, fer-
rous, and nickel alloys makes it possible to fabricate semi-structural
assemblies with this unit.*

This is a partial list of metals and gages ultrasonically welded
with the 600-watt unit:

One-metal welds

0.025-in, thick 1100-H1ll; aluminum alloy.
0.015-in. thick commercially pure copper.
0.005 -in, thick annealed 302 stainless steel.
0.025-in, diameter copper wire to copper.

Dissimilar metal weld

0,025-in. diameter copper wire to aluminum.

# A unique application of this equipment is in closing and sealing a
small exhaust tube after a partial vacuum has been created inside an
assembly. The ultrasonic weld provides a helium leak-tight seal.
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D. Typical 2000-Watt Welder

Light gage structural assemblies, typical of aircraft and missile
work, can be ultrasonically spot-type welded using a 2000-watt ultra-
sonic welder.

The welding system employed in this equipment is of the wedge-reed
configuration which provides improved clearance in the working area
around the welder tip and anvil. The adjustable controls for power,
clamp-force, and time are mounted on the face of the welder cabinet,
within easy reach of the operator. The transducer-coupling system of

this 2-kw machine operates at a design or nominal frequency of about
15,500 cycles/sec, the same as the L-kw system described later,

Light gage structural materials--aluminum, titanium and steel--can
be welded with this unit to produce spot-type welds in excess of strength
requirements of specification MIL-R-6858A. Sufficient power is available
for light gage bimetal welds between copper and aluminum, aluminum and
stainless steel, and stainless steel and copper. This equipment can be
used to produce overlapping spot-type seam welds which provide a helium
leak-tight seal.

Representative materials and gages which can be welded with the
2000-watt welder are as follows:

One-metal welds

0,050 in. thick 1100-HllL aluminum.

0.040 in. thick 2014-TL aluminum alloy.
0.030 in. thick commercially pure coppere.
0.020 in. thick annealed 302 stainless steel,




E. Typical 4000-Watt Welder

A significant number of the material alloys and gages of metals
used for structures by the aircraft and rocket industries can be joined
successfully by a L4OOO-watt ultrasonic spot-type welding machine.

The power increase in this equipment extends its range of useful-
ness into heavier gage materials and more difficult-to-join materials
and alloyse

Ultrasonic welders of this type are being used for joining of ma-
terials which are either difficult or impossible to join by other
welding techniques.

A sample listing of welds satisfactorily completed with the L0OO-
watt machine are as follows:

One metal welds

0.072 in. thick 2014-T6 aluminum alloy.

0.050 in, thick commercially pure copper.

0.035 in. thick annealed 302 stainless steel.

0.010 in, thick beryllium.

0.010 in. thick niobium.

0.032 in. thick 17-7 PH stainless steel.

0.040 in. thick 6-A1-LV titanium alloy.

6 plies of 0,008 in. thick AM-355-CRT stainless steel.

Dissimilar metal welds

0.050 in. thick Alclad to 0,101 in. magnesium.

0.032 in. thick annealed 302 stainless steel to 0,06L in,
thick copper.

0,040 in. thick 2014-T6 aluminum alloy to G.064 in. thick

copper.

A comparison of the available welder capabilities is summarized in
Figu.re 60
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