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Abstract

These recommended practices for stud welding, prepared by the Subcommittee on Stud Welding of the AWS Committee
on Arc Welding and Cutting, are intended to serve as a basic guide for those interested in attaching fasteners by arc and
capacitor discharge stud welding.

The variations of the process, stud design, equipment, welding procedures, quality control, and safety precautions are
discussed. The information presented will guide the designer and the shop in the utilization of studs in many fields
including automotive manufacture, boiler and building construction, farm and industrial equipment, railroads and
shipbuilding, aircraft and aerospace, metal furniture, and other metal working industries.
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Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in, or
made part of, documents that are included in federal or state laws and regulations, or the regulations of other govern-
mental bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS
standards must be approved by the governmental body having statutory jurisdiction before they can become a part of
those laws and regulations. In all cases, these standards carry the full legal authority of the contract or other document
that invokes the AWS standards. Where this contractual relationship exists, changes in or deviations from requirements
of an AWS standard must be by agreement between the contracting parties.

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While the AWS administers the
process and establishes rules to promote fairness in the development of consensus, it does not independently test, evalu-
ate, or verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether
special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this standard. AWS also makes no guarantee or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. It is
assumed that the use of this standard and its provisions are entrusted to appropriately qualified and competent personnel.

This standard may be superseded by the issuance of new editions. Users should ensure that they have the latest edition.

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept
any and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of
any patent or product trade name resulting from the use of this standard.

Finally, the AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

On occasion, text, tables, or figures are printed incorrectly, constituting errata. Such errata, when discovered, are posted
on the AWS web page (Www.aws.org).

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request, in
writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Technical Services Division, 550 N.W. LeJeune Road, Miami, FL 33126. With regard to
technical inquiries made concerning AWS standards, oral opinions on AWS standards may be rendered. These opinions
are offered solely as a convenience to users of this standard, and they do not constitute professional advice. Such opinions
represent only the personal opinions of the particular individuals giving them. These individuals do not speak on behalf
of AWS, nor do these oral opinions constitute official or unofficial opinions or interpretations of AWS. In addition, oral
opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS C5 Committee on Arc Welding and Cutting. It must be
reviewed every five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations,
additions, or deletions) and any pertinent data that may be of use in improving this standard are required and should be
addressed to AWS Headquarters. Such comments will receive careful consideration by the AWS C5 Committee on Arc
Welding and Cutting and the author of the comments will be informed of the Committee’s response to the comments.
Guests are invited to attend all meetings of the AWS C5 Committee on Arc Welding and Cutting to express their
comments verbally. Procedures for appeal of an adverse decision concerning all such comments are provided in the
Rules of Operation of the Technical Activities Committee. A copy of these Rules can be obtained from the American
Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.
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Foreword

This foreword is not part of ANSI/AWS C5.4-93, Recommended Practices
for Stud Welding, but is included for informational purposes only.

These recommended practices for stud welding are intended to serve as a basic guide for those interested in attaching
fasteners by arc stud welding, including capacitor discharge methods.

Arc stud welding is an alternative method to other welding processes, as well as drilling and tapping through bolting,
etc., and provides a one-sided method of attachment. The present document further expands the document published in
1984.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
AWS C5 Committee on Arc Welding and Cutting, American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.

Errata

ANSI/AWS C5.4-93, Recommended Practices for Stud Welding
The following Errata have been identified and incorporated into the current reprint of this document.

Page 3, Paragraph 1.2.1, change from “currency” to “current” in third sentence.

Page 19, Table 8, last entry under Stud Base Diameter in inches, change “01.000” to “1.000”.
Page 23, Table 10, under Shielding Gas Flow heading, “litre/min.” should read “liter/min.”.
Page 23, Table 10, under Shielding Gas Flow, CFH heading, change “1” to “15”.

Page 23, Table 10, under Shielding Gas Flow, liter/min. heading, change “57.1” to “7.1”.
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Recommended Practices
for Stud Welding

1. Process Description

Stud welding is a general term for joining a metal stud
or similar part to a workpiece.! Welding can be done by a
number of welding processes including arc, resistance,
friction, and percussion. The arc stud welding process
(SW), including capacitor discharge methods, will be
covered in this document.

In arc stud welding, the base (end) of the stud is joined
to the other work part by heating them with an arc drawn
between the two. When the surfaces to be joined are
properly heated, they are brought together under pressure.
Stud welding guns are used to hold the studs and move
them in proper sequence during welding. There are two
basic power supplies used to create the arc for welding
studs. One type uses dc power sources similar to those used
for shielded metal arc welding. The other type uses a
capacitor storage bank to supply the arc power.

The arc stud welding processes using these power
sources are commonly known as arc stud welding and
capacitor discharge stud welding respectively.

1.1 Arc Stud Welding. The arc stud welding process
involves the same basic principles as any other arc weld-
ing process. Application of the process consists of two
steps:

(1) Welding heat is developed with an arc between the
stud and the plate (work).

(2) The two pieces are brought into intimate contact
when the proper temperature is reached.

The equipment consists of the stud gun, a control unit
(timing device), studs and ferrules, and an available

1Stud welding is also discussed in the Welding Handbook,
Vol. 2, 8th Ed., American Welding Society, 1991.

source of dc welding current. Typical arc stud welding
equipment connections are shown in Figures 1A and 1B.
The mechanics of the process are illustrated in Figure 2.
The stud is loaded into the chuck, the ferrule (also known
as an arc shield) is placed in position over the end of the
stud, and the gun is properly positioned for welding,
Figure 2(A). The trigger is then depressed, starting the
automatic welding cycle.

A solenoid coil within the body of the gun is energized.
This lifts the stud off the work and, at the same time,
creates an arc, Figure 2(B). The end of the stud and part
of the workpiece are melted by the arc. When the preset
arc period is completed, the welding current is auto—
matically shut off and the solenoid de-energized by the
control unit. The mainspring of the gun plunges the stud
into the molten pool on the work to complete the weld,
Figure 2(C). The gun is then lifted from the stud and the
ferrule is broken off, Figure 2(D).

The time required to complete a weld varies with the
cross-sectional area of the stud. For example, weld time
typically would be about 0.13 seconds for a 10 gage
(0.134 in. [2.6 mm]) stud, and 0.92 seconds for a 7/8 in.
(22 mm) diameter stud. Application rates vary with the
size of the stud and other factors such as working condi-
tions. An average rate is approximately six studs per
minute, although a rate of fifteen studs per minute is
common in many applications.

The equipment involved in stud welding compares with
that of manual shielded metal arc welding with regard to
portability and ease of operation. The initial cost of such
equipment varies with the size of the studs to be welded.

The gun and the control unit are connected to a dc power
source. The control unit connections shown in Figure 1 are
for power sources designed for secondary interruption, as
is the case with motor-generator sets, battery units, and
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Gun is properly positioned.

(A)

(B) Trigger is depressed and stud is lifted, creating an arc.

(C) Arcing period is completed, and stud is plunged into the molten pool of metal on the base metal.
(D) Gun is withdrawn from the welded stud, and ferrule is removed.

Figure 2 — Steps in Arc Welding

most rectifier-type welding machines. Figure 1A shows
connection for an integrated power-control-type power
source.

Arc stud welding is used to best advantage when the
base metal is heavy enough to support the full strength of
the welded stud, but it is often used with lighter gage
metals.

1.2 Capacitor Discharge Stud Welding. Capacitor dis-
charge methods of the arc stud welding process use dc
power produced by a rapid discharge of stored electrical
energy with pressure applied during or immediately fol-
lowing the electrical discharge. The method uses an
electrostatic storage system as a power source in which the
weld energy is stored in capacitors of high capacitance. No
ferrule or fluxing is required. There are two basic pieces
of equipment with associated cables: (1) the control-
power unit, and (2) the stud gun.

There are three types of capacitor discharge stud weld-
ing: contact, gap, and drawn-arc. They differ primarily in
the manner of arc initiation. Initial contact and initial gap
capacitor discharge stud welding utilize studs having a
small, specially designed projection (tip) on the weld end
of the stud. Drawn-arc capacitor discharge stud welding
creates a pilot arc as the stud is lifted off the workpiece by
the stud gun. It is similar to arc stud welding.

1.2.1 Contact Method. With the contact method, the
stud is first placed against the work as shown in Figure
3(A). The stored energy is then discharged through a
projection on the base of the stud. The small projection
presents a high resistance to the stored energy, and it
rapidly disintegrates from the high current density. This
creates an arc that melts the two surfaces to be joined,
Figure 3(B). During arcing, Figure 3(C), the pieces to be
joined are being brought together by action of a spring,
weight, or an air cylinder. When the two surfaces come in
contact, fusion takes place, and a weld is produced
between the stud and the workpiece, Figure 3(D).

1.2.2 Gap Method. Thesequence of eventsin the gap
method is shown in Figure 4. Initially, the stud is posi-
tioned off the work, leaving a gap between it and the work,
as shown in Figure 4(A). The stud is released and contin-
uously moves toward the work under gravity, air pressure,
or spring loading. At the same time, open-circuit voltage
is applied between the stud and the work. When the stud
contacts the work, Figure 4(B), high current flashes off the
tip and initiates an arc. The arc melts the surface of the stud
and work as the stud continues to move forward, Figure
4(C). Finally, the stud plunges into the work, and the weld
is completed, Figure 4(D).

With proper design of the electrical characteristics of
the circuit and size of the projection, it is possible to
produce a high current arc of such short duration, about
6 milliseconds (ms), that its effect upon the stud and
workpiece is purely superficial. A surface layer only a few
thousandths of an inch in thickness on each surface
reaches the molten state yet produces a strong welding
joint.

1.2.3 Drawn-Arc Method. In the drawn-arc capaci-
tor discharge method, arc initiation is accomplished in a
manner similar to that of arc stud welding. The stud does
not require a small tip on the weld face. An electronic
control is used to sequence the operation. Weld time is
controlled by an electronic circuit in the unit. The welding
gun is similar to that used for arc stud welding. The
operation is shown in Figure 5. In sequence, the stud is
positioned against the work as shown in Figure 5(A). The
trigger switch on the stud welding gun is actuated, ener-
gizing the welding circuit and a solenoid coil in the gun
body. The coil motion lifts the stud from the work, Figure
5(B), drawing a low-amperage pilot arc between them.
When the lifting coil is de-energized, the stud starts to
return to the work. The welding capacitors are then
discharged across the arc. The high amperage from the
capacitors melts the end of the stud and the adjacent work
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