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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 governmental 
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 AWS administers the process and 
establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, 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 is entrusted to appropriately qualified and competent personnel. 

This standard may be superseded by new editions. This standard may also be corrected through publication of amendments 
or errata, or supplemented by publication of addenda. Information on the latest editions of AWS standards including 
amendments, errata, and addenda is posted on the AWS web page (www.aws.org). Users should ensure that they have the 
latest edition, amendments, errata, and addenda. 

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.

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

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, Standards Development, 8669 NW 36 St, # 130, Miami, FL 33166 (see Annex G). 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 C7 Committee on High Energy Beam 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 
requested and should be addressed to AWS Headquarters. Such comments will receive careful consideration by the AWS 
C7 Committee on High Energy Beam 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 C7 Committee on High 
Energy Beam 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, 8669 NW 36 St, # 130, Miami, FL 33166.
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Foreword 

This foreword is not part of this standard but is included for informational purposes only.

Combining lasers with other welding techniques to achieve a hybrid process has been around almost as long as laser 
welding. While there are many advantages associated with the high power density properties of lasers, it was determined 
that gap, base material metallurgy, and weldment performance may be difficult to address with the laser beam alone. One 
approach was to utilize the advantages of the laser while addressing its shortcomings with the addition of a process that 
added material to the weld joint. While material could be added in a number of methods (blown powder, preplaced inserts, 
sacrificial features, etc.), one simple method was to combine the laser with techniques already used for conventional arc 
welding. This included combining the laser with a Gas Metal Arc Welding (GMAW) process or with a resistant heated 
wire as is used in Gas Tungsten Arc Welding (GTAW) to form a Hybrid Process.

The hybrid laser process has already been accepted for many applications. It has been utilized in the welding of ship 
structures, structural components, and automotive parts. While the materials processing applications of hybrid laser 
processing are diverse and may be required to meet other performance criteria, this document focuses on the process 
specification and operator qualification. 

The data contained in this Process Specification and Operator Qualification for Laser Hybrid Welding has been complied 
and reviewed by the C7D Laser Hybrid Welding Subcommittee of the American Welding Society, which includes 
representatives from manufacturers and users of laser beam welding and those involved in hybrid laser processes and 
equipment.
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AWS C7.6/C7.6M:2017

Process Specification and Operator 
Qualification for Laser Hybrid Welding

1. General Requirements
1.1 Scope. This specification covers processing and quality control requirements for Laser Hybrid Processing. Equipment 
includes any laser source (examples include, but are not exclusive to CO2, Nd: YAG, Diode, Ruby, Yb Fiber (Fibre), Yb 
Disk (Disc), Nd: Glass) in combination with an arc welding system (power supply, wire feeder, torch, etc.) as defined by 
AWS A3.0M/A3.0, Standard Welding Terms and Definitions Including Terms for Adhesive Bonding, Brazing, Soldering, 
Thermal Cutting, and Thermal Spraying.

Specifically, this specification covers both (1) Laser Hybrid Arc Welding that uses both a laser to create a keyhole and 
GMAW (Gas Metal Arc Welding) to add filler material (resulting in a weld bead that is deeper compared to a traditional arc 
weld and wider than an autogenous laser weld) and (2) Laser Hot Wire Processing that uses a laser to create a conduction 
mode or keyhole mode molten puddle and an auxiliary power supply that adds heat to the filler wire that enters the puddle 
(resulting in a lower heat input weldment that could be used to weld joints or to add a hardfacing overlay).

Tutorial information regarding techniques of welding or details of machine setup or operation of laser hybrid processing 
and laser hybrid processing systems is beyond the scope of this specification. For more information on this subject, refer to 
AWS C7.2. Recommended Practices for Laser Welding, Cutting, and Related Processes.

1.1.1 Materials. This specification covers all major engineering alloys including the following:

	 (1)	Ferrous Alloys (e.g., steels and stainless steels)

	 (2)	Non-Ferrous Alloys (e.g., Al alloys, Ni alloys, Ti alloys, Superalloys)

	 (3)	Heat-Resisting Alloys (e.g., Mo alloys, Ta alloys, W alloys)

	 (4)	Other Metals (e.g., Be and Cu alloys, precious metals)

1.2 Units of Measurement. This standard makes use of both U.S. Customary Units and the International System of Units 
(SI). The latter are shown within brackets [ ] or in appropriate columns in tables and figures. The measurements may not be 
exact equivalents; therefore, each system must be used independently. 

1.3 Safety. Safety and health issues and concerns are beyond the scope of this standard; some safety and health information 
is provided, but such issues are not fully addressed herein. 

Safety and health information is available in the following sources:

American Welding Society:

(1) ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes

(2) AWS Safety and Health Fact Sheets

(3) Other safety and health information on the AWS website

Material or Equipment Manufacturers:

(1) Safety Data Sheets supplied by materials manufacturers

(2) Operating Manuals supplied by equipment manufacturers
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AWS C7.6/C7.6M:2017

Applicable Regulatory Agencies

Work performed in accordance with this standard may involve the use of materials that have been deemed hazardous, 
and may involve operations or equipment that may cause injury or death. This standard does not purport to address all 
safety and health risks that may be encountered. The user of this standard should establish an appropriate safety program 
to address such risks as well as to meet applicable regulatory requirements. ANSI Z49.1 should be considered when 
developing the safety program.

2. Normative References
The documents listed below are referenced within this publication and are mandatory to the extent specified herein. For 
undated references, the latest edition of the referenced standard shall apply. For dated references, subsequent amendments 
to, or revisions of, any of these publications do not apply.

American National Standards Institute (ANSI) standards:

ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes; 

ANSI Z87.1, Practices for Occupational and Educational Eye and Face Protection; and

ANSI Z136.1, Practices for the Safe Use of Lasers.

American Welding Society (AWS) standards:

AWS A3.0M/A3.0, Standard Welding Terms and Definition, Including Terms for Adhesive Bonding, Brazing, Soldering, 
Thermal Cutting, and Thermal Spraying;

AWS B2.1, Specification for Welding Procedure and Performance Qualification; and

AWS B4.0, Standard Methods for Mechanical Testing of Welds; 

Other documents:

SDSs, Safety Data Sheets.

3. Terms and Definitions
AWS A3.0M/A3.0, Standard Welding Terms and Definitions provides the basis for terms and definitions used herein. 
The terms and definitions used in this text are generally specific to laser hybrid processing. Terms that are not part of 
common welding vocabulary are defined, and the definitions of some standard welding terms are changed slightly to 
more accurately describe those terms as they apply to laser hybrid welding processes. A list of acronyms used within the 
document can be found in Annex E. However, the following terms and definitions are included to accommodate usage 
specific to this document.

auxiliary power supply. A secondary energy source used in the laser hybrid welding process, besides the laser beam, 
which contributes sufficient energy such that the additional absorbed energy augments the resulting molten pool geometry. 
Examples of an auxiliary power supply are GMAW or hot wire.

cavity. See resonator.

CNC. An acronym for computer numerical control, a device that controls a machine tool by reading numerical data and 
transforming it into machine axis movements.

continuous power. See continuous wave.

continuous wave (CW). A laser beam which is produced continuously rather than as a series of pulses.

dilution ratio. The ratio of the substrate area melted to the total area melted and can be measured geometrically by the 
formula a

(a + b)2
, where a is the cross sectional area of the substrate that was melted by the cladding process, and b is the 

cross sectional area of the cladding bead above the substrate, or determined by other techniques.
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diode laser. A type of laser in which the active medium is a semiconductor with polished end facets forming mirror 
surfaces. Also called semiconductor laser. Diode lasers used for alignment emit in the visible; other diode lasers emitting in 
the infrared are used for material processing. Typical wavelengths for this type of laser range from 0.63 to 0.99 micrometers 
depending upon the laser active medium chemical composition.

fiber laser. A solid-state laser design in which the active medium is a doped optical fiber. Typical wavelengths for this type 
of laser are 1.06, 1.55, or 1.8 micrometers depending upon the active medium dopant.

focal length. In a lens or lens system, the distance from the principal plane, the surface at which the projections of an 
entering and exiting ray intersect, to the focal point. In a thick lens or system of lenses, the principal plane is often inside 
the lens itself; for setup purposes, operators often use the back focal length, which is the distance from the front surface of 
a focusing lens or mirror system to the focal point.

infrared (IR). Electromagnetic radiation possessing wavelengths between those of visible light and microwaves.

keyhole. A laser melting mode characterized by high power densities and vaporization of material that is pushed out, 
creating a weld that has a high depth to width aspect ratio.

laser. A device that produces a concentrated coherent light beam by stimulated electronic or molecular transitions to lower 
energy levels. Laser is an acronym for light amplification by stimulated emission of radiation.

laser beam. The output radiation of a laser that can be steered and focused by mirrors, lenses, or both, to do useful work.

laser beam to wire distance. Distance from the center of the laser beam diameter at the workpiece and the projection of 
the wire tip onto the workpiece surface measured parallel to the weld axis.

laser generator. See laser.

laser system. A machine or fabrication tool consisting of a laser, a workpiece holder, and a means of delivering the beam 
to the workpiece and deflecting it over the workpiece in a controlled manner. The most common type of controller is a 
computer numerical controller, or CNC, but a robot controller is also used. 

lens. A transparent optical element with curved surfaces, used to converge or diverge light rays via refraction.

mirror. An optical element that reflects nearly 100% of the laser beam.

Nd:Glass. Neodymium-doped glass that is utilized as the lasing material in some solid-state lasers. The neodymium atoms 
form the active medium. A typical wavelength for this type of laser is 1.06 micrometers.

Nd:YAG. Neodymium-doped yttrium aluminum garnet (YAG) crystal that is utilized as the lasing material in a common 
type of solid-state laser. The neodymium atoms form the active medium. See YAG. A typical wavelength for this type of 
laser is 1.06 micrometers.

nozzle. A device projecting from the focusing head with an outlet to direct gas into the laser beam processing area.

plume. The vapor cloud that forms above the laser/material interaction zone. It can consist of excited and partially ionized 
assist gases (plasma) and atoms of the material vaporized by the intense laser beam and can have a temperature equivalent 
to tens of thousands of degrees Kelvin. Under certain conditions, the plume can absorb or scatter the incoming laser beam, 
reducing transmission of the beam, the energy absorbed by the workpiece, and weld penetration.

polarizer. An optic that transmits light of only a single polarization, or otherwise alters the polarization of radiation.

power. With respect to lasers, power is the rate of energy flow from the radiation source. Power is usually measured in 
watts, an energy flow of a joule per second, or kilowatts (kW). With respect to the auxiliary power supply, power is the 
mathematical product of electric current and voltage. In laser hybrid processing, power is referred to as the sum of the laser 
power and the power of GMAW or hot wire power supplies.

Procedure Qualification Record (PQR). A written record of welding variables used to produce an acceptable test 
weldment and the results of tests conducted on that weldment to qualify a Welding Procedure Specification (see Welding 
Procedure Specification (WPS)).

process orientation. The relationship between the laser beam, travel direction, and auxiliary process (GMAW or hot 
wire). The laser hybrid welding process can be divided into two categories: torch leading or laser leading. The auxiliary 
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power device can be positioned in front of the laser spot in the travel direction, which is referred to as torch leading; 
otherwise, it is referred to as laser leading.

pulsed laser. A laser that emits light as a pulse or a series of pulses rather than continuously.

pulse duration. The duration measured between the half-peak-power points at the front and trailing edges of a pulse.

pulse length. See pulse duration.

Welding Procedure Specification (WPS). A document that delineates or references all required welding variables to 
provide direction for welding.

YAG (Yttrium Aluminum Garnet). A synthetic crystal used as a laser rod host material in Nd:YAG laser.

Yb Disk Laser. A diode pumped, solid-state laser design in which the active medium is a doped, very thin disk. A typical 
wavelength for this type of laser is 1.06 micrometers.

Yb:YAG. An active laser medium lasing at 1030 nm.

4. Safety
The following potential hazards are associated with laser hybrid processing: electric shock, invisible light radiation, visible 
light radiation, fumes, gases, and molten particles.

4.1 Electric Shock. Voltages and currents in the laser and auxiliary power supplies are sufficient to be lethal and should be 
handled accordingly.

4.2 Fumes and Gases. Ozone, nitrogen oxides, metal vapors, and other noxious/hazardous fumes may be generated by 
laser beam welding (LBW) or GMAW.

4.2.1 Efficient exhaust venting shall be provided with the laser hybrid processing system to remove noxious fumes to 
acceptable levels in personnel-occupied areas and to protect the cover lens of the laser head from pollution of GMAW 
induced fume or spatters. A thermal sensor might be installed to monitor the temperature of the cover lens regarding the 
safety issues of the laser head and the associated fiber-optic cable. Various types of ventilation systems, including general 
supply and exhaust and local exhaust, for control of welding fumes and reference to information on air contaminants found 
in the welding fumes, principles of systems design and selection, and drawings that illustrate ventilation techniques can be 
found in AWS F3.2M/F3.2.

4.2.2 Safety Data Sheets (SDSs) shall be read to determine hazards in working with all materials associated with the 
welding/cladding processes. These include the SDS for materials contained in the workpieces, fixturing, and cleaning 
materials.

4.3 Laser Radiation Hazards. Direct, Diffuse, and Specular Reflection of laser energy is produced by laser hybrid 
welding/cladding equipment during operation. Proper guarding and/or barriers shall be employed to protect personnel 
who are in the Nominal Hazard Zone (NHZ) of the laser. See ANSI Z136.1 to calculate the NHZ.

4.4 Radiation Hazards. Direct viewing of the weld area during welding can expose personnel to hazardous visible and 
invisible Infrared (IR), or Ultraviolet (UV) light radiation with possible long-term eye and skin damage. Appropriate 
optical filters shall be used as per ANSI Z87.1 to shield personnel from possible exposure to both hazardous visible and 
invisible (IR and UV) radiation.

4.5 Mechanical Systems. Follow appropriate lock-out and tag-out procedures when servicing laser system equipment to 
avoid possible pinch points. 

5. Requirements
This clause discusses requirements a laser hybrid weldment must meet before it is deemed to meet the welding qualifications 
in this Standard. The documents generated from following these requirements (WPS’s and PQR’s) are not intended as 
public documents but for the users to develop and maintain their procedures to an industrial standard.
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5.1 Equipment. The major subsystems of a laser system may be grouped as described below. Because of the integrated 
nature of a typical system, a vital consideration for establishing qualified welding procedures is the calibration, monitoring, 
and maintenance of the system. Based on this need, it is suggested that a welding equipment qualification procedure be 
added during the establishment of the Procedure Qualification Record (PQR), Welding Procedure Specification (WPS), 
and welder operator qualification. To ensure that the system is properly calibrated and maintained, the suggested equipment 
qualification procedure should be conducted prior to developing the PQR and WPS. 

The suggested welding equipment qualification procedure subsystems are detailed in Clause 5.1 and suggested operational 
limits are detailed in Clause 5.5. Clause 8 details the measurements and calibration of the subsystems and the laser system 
as a whole. The actual measurements made should be reported in an Equipment Qualification Record (EQR), and a sample 
of such a record is shown in Annex A. As part of this procedure, it is suggested that an equipment journal indicating all 
maintenance requirements and activities for the system, subsystem, and individual components is maintained.

5.1.1 Laser Beam Generator. The laser generator shall meet the essential variables and possible limits as outlined in 
5.5.1 of this specification.

5.1.1.1 At appropriate intervals, to be noted in the welding EQR, the laser system (see Clause 5.5 for essential 
process variables) shall be qualified to determine that equipment is in proper working order and capable of weld process 
requirements.

5.1.1.2 Any modification to the Laser Beam Generator shall require an equipment requalification.

5.1.2 Beam Delivery Optics and Optical Hardware. The beam delivery optics and optical hardware shall safely and 
consistently deliver the laser beam from the laser generator to the workpiece.

5.1.2.1 The beam delivery hardware consists of all optical components from the Laser Beam Generator up to laser 
beam/material interaction point. These optical components may consist of polarizers, reflective mirrors, transmissive 
optics, fiber-optic cables, focus optics, optical scanning devices, and beam cover tubes. Suggested essential variable and 
possible limits for laser beam delivery hardware are outlined in 5.5.2 of this specification. 

5.1.2.2 Any modification to the beam delivery hardware shall require an equipment requalification.

5.1.3 Auxiliary Power Supply. The method for adding heat other than that coming from the laser to the process is an 
essential variable, and the possible limits are outlined in 5.5.3 of this specification.

5.1.3.1 Auxiliary power includes all of the components related to the heating of the filler material. This includes the 
auxiliary power supply, the type of feeding system (i.e., push, push–pull, push–push, etc.), the control of the power to the 
wire, and changes in the current path (changes in the resistance of the system).

5.1.3.2 At appropriate intervals, to be noted in the welding EQR, the auxiliary power supply shall be evaluated to 
determine that equipment is in proper working order and capable of weld process requirements.

5.1.3.3 Any modification to the wire delivery hardware shall require an equipment requalification.

5.1.4 Motion System and Control System Control. The motion control system shall safely and consistently control 
the speed and path of the workpiece, the piece part assembly or laser beam, relative to each other. 

5.1.4.1 The motion control system includes all devices that manipulate the piece part, piece part assembly or laser 
beam and may include machine tool or robotic axes, motion controller, and support structure. 

5.1.4.2 Any component repair or replacement of the motion control system will require an equipment re-qualification. 

5.1.4.3 Suggested essential variables and possible limits for the motion control system are outlined in 5.5.4 of this 
specification.

5.1.5 Tooling and Weld Fixtures. The fixturing shall safely and consistently position and locate the workpiece. 
Fixturing shall consist of all components that hold the position and locate the workpiece including gas delivery devices for 
plasma suppression, auxiliary gas shields, and spatter and reflection protection. Fixturing shall be made from materials that 
will not affect the composition of the weldment or base metal through mechanical contact and provide consistent heat sink 
for the cladding/weld surface.

5.1.5.1 All tooling shall be cleaned to a level insuring no contamination is introduced into the weldment by surface 
contaminants.
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5.1.5.2 Tolerances and calibration of tooling shall be inspected at intervals noted in the WPS so that proper part 
setups and part movements are maintained. Results of this inspection will be reported in the EQR and PQR.

5.1.5.3 Any modification to the tooling or weld fixtures that may affect the heat sinking conditions of the material or 
the ability to hold the part securely during welding shall require an equipment requalification.

5.1.6 Shielding Gas. The shielding gas and shielding gas delivery system shall safely and consistently maintain a 
sufficient concentration of shielding gas during processing such that absorption and interaction of undesired ambient 
environment gases with the workpiece are minimized or negligible.

5.1.6.1 The shielding gas delivery system includes all devices that control shielding gas flow vectors, shielding gas 
composition, the orientation of shielding gas streams relative to the workpiece surface, laser beam generator, or auxiliary 
power source, and the mixing or entrainment of undesired ambient gases with the shielding gas. Suggested essential 
variables and possible limits for shielding gas and the delivery of shielding gas are outlined in 5.5.5 of this specification.

5.1.6.2 Shielding gas composition shall be in accordance with the mixture tolerances and minimum requirements 
on purities and moisture contents of gases and gas mixtures outlined in AWS A5.32M/A5.32. Any modification to the 
shielding gas composition beyond the tolerances and requirements outlined in A5.32M/A5.32 or the shielding gas delivery 
system shall require an equipment requalification.

5.2 Materials. This subclause addresses the materials being joined by laser hybrid welding.

5.2.1 Base materials shall be specified on the applicable component drawing. Material type, alloying composition, heat 
treat condition, part surface condition, and thickness shall be included as required in a qualified WPS.

5.2.2 Hazardous materials shall be welded only after adequate safety precautions are taken. Appropriate SDSs 
referenced on the applicable component drawing shall be consulted before welding/cladding to determine whether the 
base or the filler materials are hazardous at the elevated temperatures encountered during welding/cladding.

5.2.3 Filler materials. Reference to wire shall be specified on the applicable drawing, in the qualified WPS, or both. 
The filler material will be specified by the variables chemical composition, type (solid, metal cored, etc.), diameter, and 
feed rate.

5.2.4 Cleaning of the surfaces to be joined shall be performed to remove residues, lubricants, and other contaminants 
left from machining and other part handling.

5.2.5 Suggested essential variables and possible limits for the welding materials are outlined in 5.5.5.

5.3 Joint/Surface Design. This subclause discusses process geometries and design.

5.3.1 For claddings, total build up (i.e., total number of passes, and/or cladding thickness) and dilution shall be specified 
in the WPS and recorded in the PQR. For weld joints, fit-up tolerances and part mismatch allowance shall be specified in 
the WPS and recorded in the PQR.

5.3.2 Joint geometries and the tolerances shall be prepared so that they meet the component drawing and WPS 
requirements.

5.3.3 Suggested essential variables and possible limits for the weld joint or cladding surface design are outlined in 
5.5.6.

5.4 Procedures. All weldments/depositions shall be fabricated in accordance to the WPS, and qualified and accepted for 
each category of weld employed. Required records and documents include the PQR and WPS, and qualified procedures 
covering deviations from the aforementioned specifications such as weld repair procedure specifications.

5.4.1 Welding Procedure Development. This subclause covers the procedures required to make and repair claddings/
welds covered under this specification. Three categories of qualified cladding/welding procedures are referred to in this 
subclause. They are as follows:

5.4.1.1 Standard Qualified Weldments. Procedures for standard weldments shall be performed according to 
5.4.4. In some circumstances where 5.4.4 is not considered complete, additional guidelines may be found in AWS B2.1/
B2.1M. 
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