International Welding Technologies’ Technical Guide

and Fastener Specification

The purpose of this volume is to get you
thinking, to arouse your curiosity, to prod
your imagination with one of the fastest,
most economical and versatile fastening
methods available today: the Capacitor
Discharge Stud Welding System.

Some of the fastening problems reviewed
in these pages may be familiar. Some of
our solutions may come as a surprise.

Where a ready-made solution isn’t
evident, the variety of other fastening
solutions shown may generate a fresh,
new idea that solves the problem and
saves your company money.

What is most important is to think of all
fasteners, including CD studs, as part of a
fastening system, not simply hardware.
The kind of fasteners you specify can
determine the efficiency of the entire
manufacturing process. Nut and bolt
fastening, for instance, requires center
punching, drilling or punching holes,
sometimes tapping the holes tooling and
fixturing to guide these operations,
assembling the parts, attaching washers,
seals, and nut tightening--the job is
literally a production.

Now, what would you say of a fastening
system that saves time and money like
this?

Eliminates drilling the workpiece
Eliminates tapping operations
Eliminates polishing to remove
burn marks on the reverse side of
the work

Eliminates much of the equipment

and operations needed for nuts
and bolts, rivets, resistance-
welded fasteners, and soldering
and brazing.
Eliminates two-man assembly
operations.

The CD fastening system does all this
and more. Obviously, if so much can be
saved, CD fasteners should be part of
your thinking before a single line is
committed to paper.

This volume could prove profitable to your
company, yourself, and us. That's why
we published it and why we hope you'll
read it.
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What is Capacitor-discharge welding?

CD systems quickly draw energy from
capacitors. Controls are adjustable for
optimum welds.

Most CD welded fasteners have a
small tip extending from the base.
This special tip provides precise weld-
time control for consistent, automatic
welds.

Upon triggering, peak currents
vaporize the tip, drawing a precisely
timed arc. The arc melts the full
diameter of the stud and the same
area of the parent metal.

Spring-loading forces the molten
fastener against the surface of the
work piece, and the weld is complete.
Total elapsed time is about three
milliseconds.

Uniformity and repeatability.
Energy stored in capacitors is
discharged to produce the weld.
The amount of energy is always
the same, the welds are always
uniformly strong.

Product appearance is often
dramatically improved by studs.
Studs are surface-mounted to one
side of the piece with no holes or
reverse-side marking. No ugly
rivet heads, bolts, nuts, washers
mar the clean appearance of the
reverse side.

One-man operation. A single
worker can fasten CD studs,
whether the equipment is a
portable gun or elaborate
production model.

No reverse-side marking.
Eliminates grinding and polishing
of blemishes. Weld penetrates
only a few thousandths of aninch,
creates no burns or dimples on
the reverse side of vinyl-clad,
enameled, or polished metals.

Vibration-proof. CD studs won't
shake loose. They are soundly
fused to the parent metal by a
strong, vibration-proof weld.

Full strength of the parent metal
is retained because there are no
holes. With no holes, there are
no leaks.
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Practically any metal can be
adapted to stud welding.
Aluminum, mild and stainless
steel, copper, brass, and zinc are
most common. “Exotics” include
titanium, Inconel, and other high
performance metals.

|3:astener diameters range up to
I * for most materials.

Weld strength exceeds strength
of stud or parent metal. Stud will
break or parent metal will fail
before weld.

Mobility of a portable stud
welding gun equals that of a rivet
gun. Lightweight controllers are
easily moved around work site.

Thick metals accept studs as
easily as thin sheets. Because of
the lack of reverse side marking,
stud fasteners are best known for
light gauge applications, but they
work just as well with heavy
gauge metals.

Unlimited applications. Though
used chiefly as fasteners, CD
studs can serve other functions
such as fulcrums, pivots, heat
sinks, standoffs, wire guides,
solder posts, and many more.

Speed. As many as 1500 studs
can be fastened per hour using
automatic equipment. The rate
for portable equipment is over

500 per hour. Average weld cycle
is just five milliseconds.

Accuracy. With simple tooling, a
location tolerance of ".015" is
standard with portable equipment.
With bench-type equipment,
standard tolerance is ".005" to
".007".

Dissimilar metals can be joined:
mild to stainless steel, or
aluminum to zinc, or brass to
copper, stainless steel, or mild
steel. Weld penetration is so
slight that there are no
metallurgical problems.

Lower fabrication costs are a
frequent benefit. Often, an
expensive, odd-shaped piece can
be duplicated inexpensively by
welding several studs to a simple
stock shape.

Overall savings are considerable
through elimination of drilling,
tapping, grinding, polishing, and
many other operations and
associated equipment.

For more information
Call the experts at:
(856) 753-8126




Typical CD Fastening Systems

All CD stud welding systems are essentially arc
welding processes in which the tip and the face of
the stud melts instantly when energy stored in
capacitors is discharged through it. Though the
technique is extremely simple, the manner in
which the arc is created can greatly influence the

results.

To produce the best weld in any of a wide range of
conditions, International Welding Technologies'
CD equipment can be designed to operate in three
modes: gap, contact, and drawn arc welding. The
differences between these three methods and the
advantages they offer are explained below.

Gap Welding:

Initially, the stud is held away
from the work surface by the
welding gun/head. At the
beginning of the weld cycle, the
gun/head plunges the stud
against the surface, instantly
melting the tip, the face of the
stud, and the corresponding area
of workpiece. The stud is then
driven into the molten metal,
forming a strong bond. The
drunning start” drives spatter
away, resulting in a clean weld.
The weld cycle is so brief that
reverse-side marking is practically
non-existent.

Gap is the method of choice for
automatic and semi-automatic
equipment where speed of
operation, accuracy, and
uniformity of results are essential.

Gap welding is especially
desirable for the fabrication of
heat-sensitive components such
as batteries, capacitors, and
connectors that use glass- or
plastic-insulated terminals
because of the brief weld cycle
and extremely low heat build-up.
It is also preferred for welding to
non-ferrous metals, especially
aluminum, and to thin gauge
metals because it produces the
least reverse-side marking.

IWT’s LYNX is suited to both gap
and contact welding.

Contact Welding:

The stud tip is first placed in
contact with the parent metal.
The weld cycle is then initiated,
and a surge of current vaporizes
the tip and melts the stud face
and the surface of the workpiece.
The stud is then forced into the
molten metal, completing the
process in approximately three
milliseconds, with little or no
reverse-side marking. Contact
welding is the simplest method
and easily mastered.

The contact method of stud
welding is practically foolproof.
Inexperienced personnel can
master it after a few minutes of
instruction. Because the stud tip
is first positioned against the
work, it is extremely easy to spot
the tip in the precise position
before welding.

Perpendicularity of the stud
welding gun is assured by a leg
arrangement that is placed
against the work piece. Both
perpendicularity and accuracy,
however, can be improved on
portable equipment with simple
tooling.

Like gap welding, contact welding
causes little or no reverse-side
marking on the work piece.
Contact welding is suitable for
most applications with the
exception of aluminum.

Drawn Arc Welding:

As in contact welding, the stud is
first positioned against the work
surface. The weld cycle begins
with the stud being drawn away
from the work surface creating a
pilot arc. After a predetermined
period, the main current is
allowed to flow creating a molten
surface between the stud and
work piece. Finally, the stud is
forced into the molten area.

Drawn arc welding typically
causes more  reverse-side
marking than gap or contact
welding.

GAPWELDING
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Still not sure which method is
right for you? Call and talk to
one of our experts at
(856) 753-8126
Or toll free
(800) 852-4988
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Weldable Materials and Weld Strength

Weld Strength for Specific Materials

Stud Material

Mild Steel Stainless Steel Aluminum Brass
Base Metal 1008, 1010 304, 305 5356, 6061 70-30, 65-35
Mild Steel:
1006 through 1030 Excellent Excellent Poor Excellent
Medium carbon steel:
1030 through 1050 Good Good Poor Good
Galvanized sheet duct:
or decking Good Good Poor Poor
Structural
steel Good Good Poor Excellent
Stainless steel: 405, 410, 430,
and 300 series; except 303 Excellent Excellent Poor Excellent
Lead-free brass; electrolytic copper;
Lead-free rolled copper Excellent Excellent Poor Excellent
Most aluminum alloys of the 1000, 3000,
5000, and 6000 series Poor Poor Excellent Poor

Excellent:: The materials are very compatible and the weld is typically very strong.
Good : Generally the weld yields full strength results.
Poor : The materials are not compatible and will not weld or weld strength will be unacceptable.

Standard CD Fastener Load Strengths

Stud Material Stud Size Maximum Fastening* Ultimate Tensile* Load | Maximum Shear* Load

Torque (Lbs) (Lbs) (Lbs)
Low-carbon copper- 6-32 6 500 375
flashed steel 8-32 12 765 575
10-24 14 960 720
420 43 1750 1300
5 . 72 2900 2200

/116-18
3 106 4300 3250

I1g-16
Stainless steel: 304 6-32 10 790 590
8-32 20 1260 940
10-24 23 1530 1150
420 75 2880 2160
5,..18 126 3750 2800

16

3 186 4850 3600

I1g-16
Aluminum alloy: 5000 6-32 35 375 235
series 8-32 7.5 585 365
10-24 10 735 460
1,20 40 1360 850
Brass 70-30; 65-35 6-32 8 600 390
8-32 16 860 560
10-24 18.5 1040 680
Y420 61 1950 1275
5,..18 102 3280 2140

16

3 150 4800 3160

I1g-16

*This information should be used only as a guide.
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Designing with CD Fasteners

Design around standard studs for lowest costs.
IWT offers the design engineer a variety of standard
capacitor discharge fasteners. Years of experience and
a review of our purchase orders have determined which
fasteners are in greatest demand. By stocking
standard sizes, IWT is able to cut production costs
delivery time and to pass on savings to the user.

For these reasons, it is suggested that the design
engineer review the standard sizes and specifications
so that these can be incorporated early in the design
while many options are still open. By specifying IWT
standard studs, the designer not only equips his
product with the most modern and reliable fasteners
available, but also guarantees prompt fastener
shipments and lower unit costs.

Standard sizes, shapes, and materials.

Standard threaded studs and non-threaded pins are
furnished in diameters from “/s to s inch, and in lengths
from to 1% inch. Many other fastener types and
sizes, of course, are available from IWT. New stud
types and sizes are added to the list of IWT standards
from time to time.

Non-standard and custom stud fasteners.
Non-standard studs differ only slightly from standards
and do not require special factory toolinglto fabricate
them. A -20 mild steel flanged stud ‘/s” long, for
instance, is not standard (%" and 1" are). Because
existing production facilities are easily modified to
produce the Ig” length, such a stud is easily fabricated
on request, and may even be available from stock.

Custom studs usually require special factory tooling. In
many cases, however, what appears to be a unique
fastener design has already been produced by IWT.
Existing tooling can be used as-is, or with minor
modifications, thereby effecting considerable savings.

Flanged and non -flanged studs.
Whenever possible, flanged studs are preferred for two
reasons:

Larger weld area. For a given stud size, a
flanged stud has a larger cross-sectional weld
area. This naturally increases the weld
strength and means that fewer flanged studs
are rejected because the weld strength has
been impaired by surface contamination or
other causes.

Economy. All flanged studs are easier to
produce and therefore less expensive than
non-flanged studs.

Stud tip design.

Tip deign is extremely important. The size of the tip
and its shape--either cylindrical or conical--will influence
the strength of the weld, the degree of reverse-side
marking (if any), and other factors. After years of
experience, IWT has compiled extensive data on tip
configurations. The designers need only supply stud
and parent metal specifications; IWT will suggest the
proper tip.

Assuring weld quality before and du ring the run.
The surface of the parent metal should be examined for
pitting, extreme roughness, and other imperfections that
can affect weld quality. Sample welds should be tested
to destruction (bend, torque, or tensile test). In the
bend test, the stud should be bent 15° from its axis.
This stresses the stud and weld to the yield point and
determines that they are satisfactory for most
applications. With thin gauge parent metals, a plug of
the metal may tear out before the stud fails. The weld
itself should not fail. Destructive tests should always
precede a production run. Periodic spot tests should
also be made during the run. Automatic quality control
checking devices are optionally available on some IWT
production welding systems.

Visual checks.

With a little practice, anyone can learn to distinguish
between good welds and those that are extremely hot
or cold.

Good Too Hot

Too Cold
How to order studs.

For standard studs and pins shown in the tables, use
the appropriate part number. For non-standard
fasteners, follow the simple ordering procedure. For
custom fasteners, consult your IWT representative.

Technical Note

The quality of the weld is influenced

by the ground locations, stud angle

off 90° to the parent metal, and the
weld voltage.
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Requirements of Parent Material

The charts on these pages will help to determine the
best combination of stud weld base size and parent
metal thickness under two conditions:

is produced on the parent
metal. This area is of interest when the appearance of
a product is a prime factor.

Slight-to-heavy marks occur which, however, do not
affect the integrity of the weld. This area covers
applications where reverse-side marking is not
important, and especially when the largest possible
stud is desired for a given parent metal.

Can be welded but structurally unsound. Based
on extensive IWT experience, charts have been
compiled for steel and aluminum showing the degree of
reverse-side marking that occurs on the parent metal
for different size standard studs.

Using the charts is relatively simple. If a given size
fastener has already been chosen, the range of
appropriate parent metals is easily located. For mild
steel, an 8-32 stud with a standard flange will make an
excellent weld with no reverse-side marking on parent
metals as thin as approximately .035". Slight to heavy
markings appear on metals in .020" to .032" range, but
the weld is still excellent. On metals thinner than .020",
however, an 8-32 flanged stud will probably cause
parent metal failure when tested to destruction.

Obviously, it is important to become acquainted with
this data in the earliest design stages before the
product is arbitrarily committed to given fastener and
parent metal sizes.

Because of the enormous range of circumstances
under which CD stud welding is conducted, it has been
necessary to base the charts on an optimum set of
conditions.

In all cases, gap welding is the method chosen, the
equipment is a LYNX stud welder. Gap welding was
selected because it is almost always used when
reverse-side marking is critical. The equipment was
chosen because reverse-side marking is a highly
important factor in the manufacturing of consumer
products, which in turn are usually fabricated on
automatic assembly lines.

Even under optimum conditions, it is difficult to
determine the precise point at which a stud/parent
metal combination will produce reverse-side marking or
weld failure.

Technical Note

The stud tip size can influence the
degree of reverse-side marking.

Consult the experts at International
Welding Technologies for more

detalils.
0.09 -
S Mild Steel
0.08 - .
o |:] Mild Steel

0.07 - No Marking, Excellent Weld . )
” - Studs: Mild steel with
[%]
g 00 Slight Marking, Excellent Weld standard ﬂange'-
3 - [i] 9. Parent Metal: Mild steel
£ 005 - with mill finish, free of
E - Heavy Marking, Parent Metal Failure pickling_
2 0.04 - Equipment: Bench-type
= - automatic or semi-
g 0.03 - automatic stud welder
a T with manual feed and

002 PS-1 Gap Hand Gun.

Method : Gap welding.
0.01 -
0 - T

4-40 6-32 8-32
Stud Diameter

10-24 1/4-20




0.09

0.08

[ ]

Stainless Steel

Stainless Steel

4-40 6-32 8-32
Stud Diameter

10-24

1/4-20

” 0.07 o No Marking, Excellent Weld
QCUS 0.06 Studs: Stainless
"Zj S Slight Marking, Excellent Weld steel with standard
S 005 flange.
= B _ Parent Metal:
(] 0.04 ent Metal Failure Stainless steel
= S Equipment:
§ 0.03 Bench-type
8 I automatic or semi-
0.02 automatic  welder
- and PS-1 Gap
0.01 Hand Gun.
0 o Method :
4-40 6-32 8-32 10-24 1/4-20 Gap Welding.
Stud Diameter
0.09
S . Aluminum
008 — - Aluminum
S |:| Studs: 5068/5356
0.07 ~ | No Marking, Excellent Weld or . 6061-'_|'6
9 S aluminum alloys with
@ 0.06 - . standard flange.
Z _ _ _ _| Slight Marking, Excellent Weld Parent Metal:
E 0.05 Aluminum
I - | Heavy Marking, Parent Me Equipment:
o 0.04 Bench-type
= SR automatic or semi-
§ 0.03 o automatic stud
8 S / ~~~  welder and PS-1
0.02 o Gap Hand Gun.
S Method :
0.01 Gap Welding.

There are a wide variety of
weldable metals including brass,
copper, zinc alloys, and titanium.

CallInternational Welding Technologies
for data on other metals.
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Welding CD fasteners to steel

Types of steel and compatibility with studs.

Studs of mild steel and stainless steel can be welded to
mild steels in the range of from C-1006 to C-1030 with
excellent results. The same is true of structural steel
and 405, 410, 430, and the 300 Series stainless steel,
except for 303. Galvanized sheet duct and steel
decking will also accept mild and stainless steel studs
up to 5/16" diameter, with excellent results. The limited
results obtained with medium carbon steel (1030 to
1050) can be improved with heat treating as explained
below under Stud welding to high carbon steels.

Studs of rolled and electrolytic copper and of lead-free
brass can also be welded to mild and stainless steels
with excellent results, and to medium carbon steel with
good results. See page 10.

Types of studs.

Standard steel studs are normally manufactured in
1008 through 1020 mild steel, depending on size, and
in 305 stainless steel in sizes up through  diameter.
See page 4 for tables listing maximum fastener torque,
shear load, and ultimate tensile load.

Is cleaning necessary?

Surfaces to be welded should be free of pickling, heavy
mill scale, rust, and dirt. Heavy oil and grease should
be removed with a solvent. Excessive mill scale or rust
should be removed, either by a wire brushing or
grinding.

Stud welding to high carbon steels.

Welding to high carbon steels (45% carbon content and
above) including cast iron, presents certain
metallurgical problems. Even though the heat
generated by capacitor discharge and stud welding is
very slight, itis enough to form a martensitic structure in
the parent metal immediately beneath the stud.
Martensite is extremely hard and brittle, and studs do
not adhere to it very well. In effect, the parent metal
has been spot hardened.

The formation of martensite can be avoided or lessened
by heat-treating. Preheating the parent metal is best,
because it avoids completely the formation of the
cracks caused by martensiting. Post-heating is not so
effective as preheating because cracks have already
formed. Post-heating, however, will prevent the
propagation of cracks, and is often preferred because it
is easier to accomplish than preheating. Depending on
the carbon content of the parent metal, typical preheat
and post heat temperatures are 700 degrees and 1200
degrees F, respectively.

In all cases involving high carbon parent metals,
sample studs should be welded first to determine
feasibility.

For mild and stainless steels, no heat-treating is
necessary. For more information on welding to high
carbon steels, consult your IWT representative. For
other stainless steel applications, see Design Notes on
aexotics® page 11.
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Steel stud and parent metal are firmly
joined, as shown in this cross section.
Although the weld is stronger than the stud
itself, it does not penetrate deep enough
into the parent metal to dimple or discolor
the opposite surface. The stud shownis a

-20 mild steel welded to 16 gauge CR
steel plate.




Welding CD fasteners to Aluminum

Is cleaning necessary?

Mill finish aluminum usually requires no cleaning. The
surface should be free of dirt, oil, dust, and similar
contaminants. Polished aluminum is usually taped
which guarantees that the surface will be clean enough
to weld. Etching to remove the oxide is usually
unnecessary.

Anodized aluminum.

Because it creates a high surface resistance, anodizing
should be postponed wherever possible until the studs
have been welded (The studs, of course, will also
benefit from the anodizing).

If anodizing cannot be avoided prior to welding, the
surface must be milled off where the stud is to be
welded. On thin sheet aluminum, milling may reduce
the thickness of the sheet to the point where previously
absent reverse-side marking now occurs. This can be
prevented by using a slightly smaller stud or heavier
parent metal.

Marking may also be avoided by switching from a
flanged to a flangeless stud, though flangeless studs
are often non-standard and more costly. A modification
of the stud tip may also help; consult your IWT
representative for information.

In addition to milling the anodized surface for good
stud-to-surface contact, it is necessary to provide a low-
resistance return path for the weld current through a
ground clamp. When gap welding with some manual
stud welders, an additional return path must be milled
beneath one leg of the gun to complete the control
circuit.

Types of aluminum studs.

Aluminum studs are available in these widely used
alloys: 5086/5356 and 6061. The maximum fastening
torque, shear load, and ultimate tensile load for the
1100 and 5086 studs in diameters from 6-32 to -20
are listed on page 4. For information on 6061, consult
IWT.

Stud tip design.

Tip design is extremely important. The size of the tip
and its shape--either cylindrical or conical--will influence
the strength of the weld, the degree (if any) of reverse-
side marking, and other factors. After years of
laboratory work and field experience, IWT has compiled
extensive data on tip figuration. The designer need
only supply the relevant stud and parent metal
specification; IWT will select the proper tip.

Stud and p arent metal compatibility.

All aluminum alloys in the 1000, 3000, 5000, and 6000
Series can be welded with IWT aluminum stud
fasteners with generally excellent results. Good results
can be obtained with Series 4000 alloys, and under
prescribed conditions, with Series 2000 and 7000
alloys. For more information on welding to 2000 and
7000 alloys, consult IWT. See also Design Notes on
aexotic® metals, page 11.

Special cases, and whatto do.
Removing heavy oxides: A stainless wire brush is
recommended.

Welding to cast aluminum: Castings may contain
porosity holes that prevent a good weld. Tip design and
size are important considerations in overcoming this
problem. Consult your IWT representative.

Aluminum Weld Quality

The quality of welding aluminum
fasteners to aluminum parent metal
is greatly dependent on the alloy.
With the exception of 2000 and
7000, the welds are typically good
to excellent. The technician is
advised to call IWT for guidance on
other alloys.
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Welding CD fasteners to copp er and lead-free brass

Low heat, no distortion.

Copper and brass are widely used in applications where
electrical and heat conductivity or corrosion resistance
are important. Because these metals are relatively soft
and easily deformed, CD stud welding is an ideal
fastening system. The short weld cycle and low heat
input mean that thin wall components, such as
microwave guide structures, can be welded without
distorting the metal and disturbing critical tolerances.

Ideal for appliances and electrical contacts.

In the manufacture of fry pans, percolators, and other
appliances, copper is frequently laminated to the
bottom of stainless steel pans for better heat
conduction. Because the inside cooking surface must
be perfectly flat, resistance welding and brazing are
ruled out for fastening leg studs, thermostats, or heating
elements to the pan bottom. Resistance welding
dimples the opposite side cooking surface, and brazing
is a slow and costly operations that can heat-distort the
work. Because it requires no electrical contact with the
cooking surface and generates negligible surface heat,
CD stud welding is the obvious choice.

True one-side fastening also means that CD stud
welding can be employed to attach contacts to electrical
components, such as relay and switch arms. The stud
itself is the contact, and the contacting surface is
unmarred by the fastening process.

Is cleaning necessary?

Like aluminum, mill-finish copper and brass generally
require no cleaning. If dust and dirt have accumulated,
it can be simply wiped away. Oil and grease
contamination, however, should be removed with a
solvent. Copper sulfate should be removed with a wire

brush, but care should be taken not to groove the metal
surface. Heavy grooves can affect weld quality
adversely.

Type of studs.

Standard stud materials include 70-30 and 65-53 brass.
Copper studs are available.  Silicon bronze is
recommended for screw machined studs.

Stud and p arent metal compatibility.

Lead-free brass, rolled copper, and electrolytic copper
as parent metals will accept brass and copper studs
with excellent results. (Brass studs actually produce a
better weld to copper than copper studs.) Studs of mild
steel and stainless steel can also be welded to copper
and brass with fair to good results, depending on stud
size. For brass and copper studs, the maximum size is
generally -20, although ®116-18 studs can be welded
under certain conditions. Consult the factory for more
i3nformation. The maximum size for non-ferrous studs is
/s-16.

It is also advised to keep in mind that studs of rolled or
electrolytic copper and lead-free brass can also be
welded with good to excellent results to mild, medium
carbon, and stainless steels. Refer to the data on page
4,

Stud tip design.

Tip size and shape--cylindrical or conical--will be
determined by IWT on the basis of the stud welding
equipment employed and designer-supplied data on the
studs and parent metal to be used.

Did you know that IWT is on the World Wide Web? Just turn your
browser to http://www.internationalwelding.com for a complete

overview of our company:
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read more about CD and other fastener
welding technologies

see examples of welded products

review our complete line of off-the-shelf
welding equipment

see examples of our production line fully
automatic systems

contact us for up-to-date prices and
availability

follow links to the best sites in the welding
indu stry




Welding CD Fasteners to “exotic” and precious metals

Exotics: This term describes an ever-growing group of
metals, the most widely used of which are titanium and
Inconel. Though metallurgically different, they share a
number of qualities:
. All are relatively newly arrived as industrial
metals.
Metallurgical information about them is still
being developed.
All are high performance metals that are used
chiefly in the aerospace and related industries
where high temperatures, light weight, or
problems of corrosion are factors, and
reliability is vital.
Through extensive tests in the field, IWT has compiled
a body of data on these metals that is still growing.
Though much remains to be learned, we are in a
position to turn a good deal of sound experience into
practical applications.

The information on these pages, however, is intended
to serve only as an introduction to the use of stud
welding as a fastening technique for exotic metals. For
more complete information consult IWT.

Titanium: This lightweight metal is often chosen when
a high strength-to-weight is desired, as in aircraft
applications. Because of its corrosion-resistant
qualities, it is also highly attractive to the chemical
processing industry and process equipment
manufacturers in the handling of oxidizing acids, wet
chlorine, and chlorine dioxide, and the fabrication of
desalination equipment.

At present, IWT is in a position to discuss inquiries
concerning titanium capacitor discharge studs and stud
welding equipment that meet the following
specifications:

Equipment: bench-type semi-automatic models with
gravity-driven stud welding head.

Stud sizes: */s-16 flanged and smaller.

Stud materials:  (A) Ti-50A titanium, (B) 6A1-4V
titanium alloy, (C) Electrolytic copper, (D) Silicon
bronze, ASTM B98, Alloy B.

Parent metals: (A) Ti-50A titanium, (B) 6A1-4V titanium
alloy, (C) Ti-50A titanium, (D) Ti-50A titanium.

Inconel: Inconel is desirable when heat and corrosion-
resistance are important factors. A typical application
for Inconel is as the liner material in a muffle furnace
employing a special atmosphere. Inconel studs are
extensively used in rocket engines to fasten feeder
lines, electrical harnesses, tubing, and small brackets
to bulkhead ribs.

Inconel and stainless steel studs are the only kind that
can be CD stud welded to Inconel plates at the present
time. Typical Inconel studs are © diameter by 1%g°
long, threaded and unthreaded.

High p erformance CD stud welding applications for
aluminum, stainless steel, and other metals.

Aluminum: Studs of 6061-T6 aluminum have been
used on commercial and military aircraft and in the
Apollo and Saturn space program. A typical application
is the welding of 6061-T6 --28 studs to Saturn dome
plates of 2024-T6 aluminum with portable equipment.
6061-T6 studs are also welded to explosive-formed
sheets of the same alloy, which is then mounted on
tooling carriage for metal bonding fixtures. CD stud
welding prevented heat distortion of the sheets and
permitted welding without a heat sink, eliminated drilling
and tapping operations.

7075-T6 High-strength aluminum: Current
investigations indicate that it may be practical to weld
5086 aluminum studs to aircraft structural members
without diminishing the fatigue strength of the structure.
There is a great demand for a faster, lighter method of
attaching tubing and wiring harnesses in wing and
fuselage sections. Extreme fatigue testing of CD stud-
welded fasteners for this purpose is under way.
Contact you IWT representative for the latest data.

Stainless steel: CD studs to */s? diameter are available
in a number of stainless steel alloys including 304, 309,
321, and 347. Types 321 and 347 are favored by
aerospace manufacturers because of their high
strength and welding capability. In commercial jets,
304 -28 dia. studs are welded to 347 stainless for
connector clamps. Like Inconel, stainless steel studs
are widely used on rocket engines, to hold small
brackets that support the engines integrated
mechanisms as well as feeder lines, electrical
harnesses and tubing.

Copp er: Copper studs are preferred for terminal studs
in the aerospace industry. In some cases, copper
terminal studs have replaced swaged terminals on
electrical cords and in electronic equipment.

Rene 41 and zirconium: These metals have also been
successfully welded. Studs of both metals as well as
321 stainless steel have been used in the construction
of a atomic reactors. Tolerances were extremely tight-

approximately " .005".
Test results for 1/4-20 studs.

Stud Material Bend Average
tensile load

(A) Ti-50A titanium 100% stud failure 2,700 Lbs.
(B) 6A1-4V titanium alloy 100% stud failure 4,200 Lbs.
(C) Electrolytic copper 100% stud failure 1,600 Lbs.
(D) Silicon bronze 100% stud failure 2,300 Lbs.

(100% stud failure indicates full weld strength).
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