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1.1  Purpose

The purpose of this document is to provide goal-based 
guidelines for the certification of metallic parts produced 
using an additive manufacturing (AM) process. 

The guidance is intended for those organisations that are:

• interested in adopting AM and looking to understand
how the qualification and certification requirements 
compare with conventional manufacturing processes;

• already using AM and looking to qualify their 
processes or certify materials and/or parts;

• sub-contracting, or intending to sub-contract,
elements of their manufacturing to an AM supplier 
and wish to understand the requirements for 
certification.

1.2   General

The approach to certification of materials and parts 
varies between different industries. In some industries, 
such as aerospace, medical and automotive, the 
requirements are captured in a top-level specification, 
which is assessed by the regulator (e.g. Civil Aviation 
Authority, Food & Drug Administration). 

This specification is cascaded throughout the supply 
chain and all suppliers must demonstrate compliance 
with the requirements. In other industries, such as 
Energy and Marine, assessment by an independent 
Certification Authority (e.g. accredited to ISO/IEC 17065) 
is required.

In the context of these guidance notes, Lloyd’s Register 
is the Certification Authority and TWI is the Product 
Manufacturer.

Regardless of the industry, the reasons for certification are:

• safety of the product to protect consumers, operators,
members of the public, assets, the environment);

• product assurance (confirms that the legal
requirements are satisfied, and the part is suitable for 
the intended application);

• demonstration of the quality and capability of the part
to the market.

The basis of the design, manufacture and inspection of 
any part intended to be manufactured by AM will require 
an evaluation of the requirements for that part (the 
requirements might originate from regulations, codes, 
standards or customer specifications - see 5.2). This is 
because the inspection requirements will be specific to 
the industry, the application, the design (e.g. geometry, 
material) and the AM process used. The outcome of this 
evaluation will define what must be demonstrated in order 
for the part to be certified.

In the future, as and when prescriptive requirements 
for AM are developed and established by each industry, 
such considerations will become embedded in codes 
or regulatory acceptance criteria. Until then, these 
goal-based guidelines describe a basis for achieving a 
design, manufacture and inspection methodology that is 
equivalent to the certification process for the same parts 
produced using conventional manufacturing techniques 
and provides a route to the certification of AM parts.

1.3   Scope

These guidance notes include the qualification of facilities 
and processes, and the certification of materials and 
parts. For advice on specific technical aspects (e.g. build 
parameters, specification of feedstocks, suitable gases, 
etc.) or other AM processes not covered within these 
guidance notes, please contact TWI.

The scope of these guidance notes includes the following 
AM techniques:

• Powder bed fusion by electron beam (PBF-EB) or by laser 
(PBF-LB) – see illustrated example in Figure 1;

• Directed energy deposition by laser (DED LB), for
example laser metal deposition (LMD) – see illustrated
example in Figure 2;

• Directed Energy Deposition by Arc (DED Arc), for
example Wire+Arc AM (WAAM) – see illustrated example
in Figure 3.

For novel manufacturing methods, materials or other AM 
processes not covered by these guidance notes, please 
refer to LR’s “Guidance Notes for Technology Qualification” 
or contact your local LR office who will connect you to the 
relevant department.

1 – Introduction
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Figure 1  
Powder Bed Fusion by Laser (PBF-LB)

Figure 2 
Directed Energy Deposition by Laser (DED LB)

Figure 3 
Directed Energy Deposition by Arc (DED Arc)

1 – Introduction (continued) 



Lloyd’s Register & TWI Ltd Guidance notes for Additive Manufacturing certification   | 5

Return to contents2 – Terms & definitions

2.1  Abbreviations

3D Three Dimensional

AM Additive Manufacturing

AMF Additive Manufacturing Format

AOR Artificial Optical Radiation

CAD Computer-Aided Design

DED Directed Energy Deposition

EDM Electrical Discharge Machining

HIP Hot Isostatic Pressing

HVOF High-Velocity Oxygen Fuel

ITP Inspection & Test Plan

IP Intellectual Property

ISO International Standards Organisation

LMD Laser Metal Deposition

MSDS Material Safety Data Sheet

NDE Non-Destructive Examination

NIST National Institute of Standards and Technology

PBF Powder Bed Fusion

PPE Personal Protective Equipment

RPE Respiratory Protective Equipment

QA Quality Assurance

QMS Quality Management System

STL Surface Tessellation Language

VRML Virtual Reality Modelling Language 
ISO/IEC 14772-1, ISO/IEC 14772-2

WAAM Wire + Arc Additive Manufacturing

3D CAD modelling 
(solid modelling)

3D scanning 
(3D digitising) 

Additive 
Manufacturing (AM)

Additive 
Manufacturing 
Format (AMF)

Build 
(or build cycle)

The process most commonly used 
during design to produce a digital 
3D model.
Method of acquiring the shape 
and size of an object as a 3D 
representation by recording x, y, z 
coordinates on the object’s surface 
and using software to convert into 
digital data.
A process by which digital 3D design 
data is used to build up a part in 
layers by depositing material.
File format for communicating AM 
model data including a description 
of the 3D surface geometry with 
native support for colour, materials, 
lattices, textures, constellations 
and metadata.
Single process cycle in which one 
or more components are built by 
successive joining of material 
within the build space of the AM 
system (see ISO/ASTM 52900).

2.2  Definitions

Build space

Certification 
Authority

Directed Energy 
Deposition (DED) 

Equipment 
Provider

Facility 
Procedures  

Feedstock

The enclosed volume within the 
AM system where the parts are 
fabricated.
A trusted third-party organisation 
that inspects products against the 
specified requirements (Lloyd’s 
Register in the context of these 
Guidance Notes).
An additive manufacturing process 
in which focused energy is used to 
fuse materials by melting as they 
are being deposited.
The organisation responsible for 
supplying one or more items of 
equipment within the AM system.
Collection of documents that 
control the manufacturing 
processes – see 7.2.4.1 for details.
Bulk raw material supplied to the 
AM build process (i.e. an input to 
the AM process).
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Feedstock 
Supplier

File format

Fusion 

Laser Metal 
Deposition (LMD)

Manufacturer 

Manufacturing 
Plan 

Part

Porosity 

The organisation responsible for 
supplying the feedstock (this might 
be a distributor or producer of the 
feedstock).
File format for model data
(e.g. STL or AMF) describing the 
surface geometry of an object as 
a tessellation of triangles used to 
communicate 3D geometries to 
machines in order to build
physical parts.
The act of joining two or more units 
of material into a single unit of 
material.
Example of a Directed Energy 
Deposition process in which 
lasers are used to fuse powdered 
materials by melting as they are 
being deposited.
The organisation responsible 
for producing the part, or a 
component of it, using an AM 
process. In the context of these 
guidance notes the Manufacturer 
also has responsibility for placing 
the product on the market and 
overall management and control 
of the supply chain. Where 
elements of the manufacture are 
sub-contracted to one or more 
suppliers, the sub-contractor is 
responsible for delivering their 
scope of work in accordance with 
the purchase specification agreed 
with the Manufacturer.
Collection of documents that 
define what is being manufactured 
(specific to the part) – see 7.2.4.1 
for details.
Joined material forming a 
functional element that could 
constitute all or a section of an 
intended product.
Presence of small voids in a part 
making it less than fully dense.

2.2  Definitions

Post processing 

Powder Bed 
Fusion (PBF) 

Powder mix 
(Powder mixture)

Powder blend 

Process 
parameters 

Repeatability 

Subtractive 
Manufacturing 

STL 

Topology 
optimisation

Used powder 

Virgin powder 

Wire + Arc 
Additive 
Manufacturing 
(WAAM) 

One or more process steps taken 
after the completion of an additive 
manufacturing build cycle in order 
to achieve the desired properties in 
the final part.
An additive manufacturing process 
in which focused energy selectively 
fuses regions of a powder bed.
The intermingling of two or more 
powders with different nominal 
compositions (see ISO/ASTM 52900).
The intermingling of two or more 
powders with the same nominal 
compositions (see ISO/ASTM 52900).
Set of operating parameters and 
system settings used during a build 
cycle.
Degree of alignment of two or 
more measurements of the same 
property using the same equipment 
and in the same environment.
Any of the various processes in 
which material is removed to 
produce a part of a desired shape 
and size.
File format for model data 
describing the surface geometry 
of an object as a tessellation of 
triangles used to communicate 3D 
geometries to machines in order to 
build physical parts.
An analysis method used to 
optimise geometry based upon 
a given set of design loads and 
constraints.
Powder that has been supplied as 
feedstock to an AM machine during 
at least one previous build cycle.
Unused powder from a single 
powder batch.
Example of a Directed Energy 
Deposition process in which 
wire is fused using arc melting to 
underlying layers.
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4 – Certification overview and activities

AM is one of many techniques that may be chosen 
for producing parts that require certification. When 
considering whether the use of AM is appropriate, the 
Manufacturer shall consider, within the context of other 
manufacturing routes, the potential to meet all applicable 
requirements (e.g. regulatory, application-specific).

There are various drivers for the adoption of AM and the 
following criteria are typically considered in the context of 
determining whether AM is a suitable process for a given 
part, and if so, which AM process:

• Complexity (e.g. light-weighting)
• Customisation
• Consolidation (e.g. single part replaces assembly)

Regardless of the AM process adopted, the activities 
that support certification may be categorised into one 
of the following five functional stages (see Figure 5):

1. Design
2. Materials
3. Manufacturing
4. Post-processing
5. Inspection and testing

It is also recognised that different organisations within 
the supply chain may perform activities within each of 
the stages listed above. Therefore, specific certification 
can be provided for each stage, which can reduce the 
effort required for subsequent part design, material 
supply and/or manufacturing activities for future 
contracts (see Section 13 for more information).

Using certified organisations in each stage can reduce 
the cost and lead times for part certification.

• Lead times for materials and part manufacture 
(and potential for reduced spares requirement)

• Obsolescence (e.g. reverse engineering)
• Material form and cost
• Metallurgical structure
• Part size
• Number of parts required
• Shipping time and cost

For further guidance, contact Lloyd’s Register or TWI Ltd.

Figure 5 
Functional stages for certification

People Process Product

Inspection 
and testing

Design

Manufacturing

MaterialsPost-
processing

Certification
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5.1  General

For parts produced using an AM process, the designer 
shall establish, implement and maintain an appropriate 
design and development process that ensures the 
subsequent provision of parts that meet regulatory and 
customer requirements. This is summarised in Figure 6.

5.2  Design Inputs 

The Manufacturer shall determine the requirements that 
are essential for the part. The design concept (i.e. the initial 
geometry to perform the primary function(s) required by 
the application) might be derived from previous, similar 
design and development activities. The designer then needs 
to consider the following and incorporate design changes, 
as appropriate, to satisfy the various requirements:

• statutory and regulatory requirements (legal
responsibilities);

• functional, performance and quality requirements (client
specification);

• potential failure modes, consequences and likelihood of
failure due to the application requirements;

• application-specific codes or standards that the 
organisation has committed to implement (to satisfy 
regulatory or customer requirements);

• AM-specific standards (to fill the gaps where the 
application-specific standard does not include AM in 
order to demonstrate an equivalent level of safety for AM
compared to conventional manufacturing processes).

Note that where an application-specific standard, used 
as the basis for certification, does not include AM then 
in order to be used it shall include a clause allowing the 
Manufacturer to demonstrate an equivalent level of safety 
with alternative materials and alternative methods of 
design and manufacture.

As an example, a goal-based approach may be applied, 
with the intent that the Manufacturer’s proposals may be 
specially considered in order to achieve the intended design 
and performance criteria. This would consist of high-level 
goals to fulfil the application standard, together with 
specific functional and performance requirements. Where 
this is proposed, the alternative requirements will be agreed 
on a case by case basis.

The designer shall consider introducing a suitable design 
factor (e.g. such as that used for casting) depending upon 
the agreed inspection and testing regime. Provided that 
the part is manufactured as modelled and meets the 
requirements specified, then the design may be accepted 
on that basis.

Inputs shall be adequate for design and development 
purposes, complete and unambiguous. Conflicting 
design and development inputs shall be resolved prior 
to manufacture.

(1) Design appraisal (issue 1) required to assess the design
against the requirements of the application prior to 
finalising the design intent and material specification.

(2) Design appraisal (issue 2) required to assess the 
inspection & test plan (ITP) and build layout prior to
manufacture.

Build layout
(see 5.6)

AM-specific 
standards

Application-specific 
standards

Regulatory 
requirements

Customer 
requirements

Material 
specification 

(see 5.4)

Part geometry
(see 5.3)

Inspection & test plan
(see 5.5)

Requirements capture
(see 5.2)

Design concept

Figure 6 
Design flowchart
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The Manufacturer shall retain documented information 
on design and development inputs, including any derived 
from a previous design (see Section 10 for further detail on 
the documentation requirements).

The part geometry is established alongside the material 
specification (see 5.3 and 5.4).

5.3  Part Geometry

The part geometry, along with the required delivery 
condition defined within the material specification 
(see 5.4), is established to meet the design input captured 
in 5.2. At this stage, an independent design appraisal is 
performed by the Certification Authority to assess the 
geometry and material properties against the application-
specific requirements (which includes regulatory and 
performance requirements) to confirm suitability for the 
intended application, for all reasonably foreseeable 
design conditions.

Given the ability of some AM processes to produce 
complex geometries, design methods such as topology 
optimisation are sometimes used to optimise the design 
for a given set of constraints. This approach typically 
reduces the redundant strength that is provided in 
conventionally-manufactured parts because AM enables 
parts to be designed to exacting dimensions rather than 
being limited by the availability of standard material sizes.

Depending upon the complexity of the geometry and 
load cases for the application, either a ‘design by rule’ 
(i.e. design rules available in the code or standard) or 
‘design by analysis’ (e.g. finite element analysis) approach 
may be used for the design calculations to assess the 
suitability of the design against the requirements of the 
application.

5.4  Material Specification

The material specification defines the technical delivery 
condition of the material that forms the AM part. 

This includes:

• method of manufacture;
• thermal treatments (e.g. HIP, solution annealed);
• metallurgical properties (e.g. chemical composition,

grain size);
• mechanical properties (e.g. tensile, hardness, impact);
• other properties required by the application

(e.g. fatigue, corrosion).

Review of the material specification is required to confirm 
that:

• the selected material is suitable for use within the 
intended application and acceptable for use according 
to the regulation, code or standard that the part is being
certified against;

• material properties stated are consistent with those used
in the design calculations.

Note that the required material properties defined in the 
material specification will directly affect the required 
properties for the feedstock. Feedstock specification 
requirements (for purchasing and use cases) are discussed 
in 6.2.

The ITP will define how the limits within the material 
specification are to be demonstrated. 

5.5  Inspection & Test Plans (ITP)

Review of the ITP is required to confirm that the proposed 
mechanical and metallurgical testing of the formed 
material is sufficient to satisfy the requirements of the 
material specification (see 5.4). The ITP shall also specify 
the proposed method for geometrical inspection of the final 
part and identify the required dimensions for acceptance at 
the inspection stage (see 9.2.3).

The size and shape of the specimens shall be selected such 
that they represent the geometrical features within the part 
to be certified. Therefore, more than one set of specimens 
per material property may be required if there are a variety 
of features within the part that cannot all be represented by 
a single size/shape of specimen. The number of specimens 
within each set will be determined according to the testing 
requirements of the regulation, code or standard.

The ITP shall also include a sufficient number of specimens 
to mitigate the risk of variation due to position or 
orientation within the build space (e.g. in powder bed 
fusion, position relative to the gas flow direction, recoater 
direction and proximity to other fused geometry).

Specimens may be produced as prolongations to the part, 
individually alongside the part (near-net-shape) or within 
a qualification test coupon (or duplicate, sacrificial copy 
of the part), from which individual specimens may be 
extracted. The location and orientation of each specimen is 
defined within the build layout (see 5.6).

5 – Design (continued)
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Note that there are two approaches for the testing and 
subsequent acceptance of material properties:

• direct inspection route;
• process qualification route.

The preferred route is typically dependent upon the 
volume of parts being produced. These routes are 
discussed further in 9.1.

The ITP also defines how the part shall be inspected post-
build (i.e. what non-destructive examination (NDE) and/or 
other methods will be used). It is important to define the 
inspection plan at the design stage (prior to manufacture) 
to ensure:

• the defect limits and acceptance criteria are agreed 
beforehand and satisfy the regulatory and customer
requirements;

• NDE methods are selected that are suitable for 
detecting the range of possible defects and size
tolerances, as agreed, for the AM process used;

• NDE methods are suitable for the intended material
and geometry.

Considerations, methods and equipment for inspection 
and testing are discussed in Section 9.

5.6  Build Layout

The build layout defines all geometry that will be 
manufactured within the build space. This includes:

• location and orientation of parts (including any
machining allowances);

• location and orientation of test specimens;
• control specimens (physical record of the full build 

height and used for build-to-build comparison or used
to investigate in-process deviations);

• support structures, where applicable.

Review of the build layout is required to confirm that 
all specimens defined in the ITP are included in the 
model used for manufacture. The number, location and 
orientation of the specimens shall be sufficient to:

• adequately mitigate the risk of variation throughout the
build volume;

• provide sufficient specimens to complete all testing
specified in the ITP.

Where retesting is allowed, additional specimens may 
be included within the build layout to accommodate 
retesting and potentially avoid a rebuild.

All specimens shall be clearly identified on the build layout 
such that the location and orientation within the build space 
can be determined after testing. The distance between 
adjacent specimens, and between part and specimen, shall 
be identifiable from the build layout.

See 5.10 for discussion of CAD file translation.

5.7  Design Planning & Controls

When planning for the design, manufacture and inspection 
of AM parts, the Manufacturer shall consider the needs and 
expectations of the interested parties and the requirements 
related to quality, environment, health and safety (see 
Section 14).

The Manufacturer shall produce a risk analysis that 
addresses the following:

• assurance that the parts intended to be manufactured by
AM achieve their intended outcomes;

• prevention or reduction of undesired effects.

The Manufacturer shall plan actions to mitigate these risks, 
and define how to:

• integrate and implement actions into the design,
manufacturing and inspection processes;

• evaluate the effectiveness of these actions;
• retain appropriate documented information as evidence

of competence.

The risk assessment shall be performed during the 
design stage to determine the possible consequences 
and likelihood of part failure. Various risk assessment 
techniques are available (e.g. ISO Guide 73, ISO 31000, 
EN 31010) but frequently a risk matrix is used where the 
level of risk is determined from the product of consequence 
and probability.

Different organisations and industries may have different 
definitions and thresholds for risk levels (e.g. to safety, 
business impact, etc.) so risk assessments will be reviewed 
on a case-by-case basis with consideration of all relevant 
national and international safety regulations and guidance.
When determining the stages and controls for design and 
development, the Manufacturer shall consider the:

• nature, duration and complexity of the design and
development activities;

• required process stages, including applicable design
and development reviews;

5 – Design (continued)
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• required design and development verification and
validation activities;

• entities, authorities and subsequent responsibilities for
the design and development process (i.e. customers, 
users, the involvement of a Certification Authority or 
National Regulator, if requested by the end-user or 
required by the relevant regulation, code or standard);

• internal and external resource needs for the design and
development of parts and services;

• need to control interfaces between persons involved in 
the design and development process (especially where
some or all of these are subcontracted);

• requirements for the subsequent provision of parts 
intended to be manufactured by AM;

• documented information needed to demonstrate that 
design and development requirements have been met.

The Manufacturer shall apply controls to the design and 
development process to ensure that:

• reviews are conducted and documented to evaluate the 
ability of the results of design and development to meet
requirements;

• any necessary actions are taken on potential issues
determined during the reviews, or verification and 
validation activities;

• documented information of these controlling activities
is retained.

Design and development reviews, verification and 
validation have distinct purposes. They can be conducted 
separately or in any combination, as appropriate to the 
products and services of the organisation.

5.8  Design Outputs

The outputs from the design stage are:

• defined design requirements (see 5.2);
• part geometry and calculations that satisfy the

regulatory and customer requirements (see 5.3);
• material specification (see 5.4);
• inspection and test plan (see 5.5);
• build layout (see 5.6);
• risk analysis (see 5.7).

On completion of all design and development outputs, 
the design appraisal is updated by the Certification 
Authority to provide an endorsement of the items 
listed above. This is performed before commencing 
manufacture to avoid potential rebuilds and incurring 
cost increases and delays to the manufacturing schedule.

5.9  Design & Development Changes

The Manufacturer shall identify, review and control 
changes made during, or subsequent to, the design and 
development of AM parts, to the extent necessary to ensure 
that there is no adverse impact on conformity to the 
requirements. Documented information on the following 
shall be retained:

• design and development changes;
• results of reviews;
• authorisation of any changes;
• actions taken to prevent adverse impacts.

5.10  Software Translation

The translation of the CAD model into a format readable by 
the AM equipment software requires careful consideration 
of various factors including:

• format of native CAD model, exchange format (e.g. STEP,
IGES) where used, build model and slice file formats;

• respective coordinate systems at all data import and
export stages;

• 3D model export translation accuracy, especially with
respect to critical features;

• impact of software updates on the translation of legacy
parts;

• traceability and identification of the specified CAD model
for the build.

During the translation from CAD to machine-readable 
format (e.g. STL), errors can occur (e.g. bad/free edges, 
overlapping triangles, intersecting triangles). These errors 
shall be ‘fixed’ before building and software is available 
to perform this fixing automatically, semi-automatically 
or facilitate manual fixing. The model shall be checked for 
accuracy after any translation or fixing process to ensure 
that the intended geometry has not been adversely affected.

In situations where the CAD model is produced by one 
organisation (Designer) and provided to a separate 
organisation to produce the actual part (Manufacturer), it 
is the responsibility of the organisation that provides the 
model file to ensure that the file translation is accurate, 
unless otherwise agreed with the Manufacturer.

For further information on file formats and translation, 
refer to ISO/ASTM 52950 (Additive Manufacturing - General 
Principles - Overview of Data Processing).

5 – Design (continued)
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(1) The MSDS contains information that includes: transport,
storage and handling requirements; hazards and safety 
measures (such as PPE); required actions following 
accidental release (e.g. exposure controls, fire-fighting); 
toxicological and ecological information; disposal 
requirements. The MSDS is reviewed as part of the 
facility audit (see 7.2.4).

(2) Record(s) of testing to demonstrate compliance with the
purchase specification.

6.2  Feedstock Specifications

The ‘feedstock use specification’ defines the limits for 
feedstock intended for use within the selected AM process. 
This specification is based upon the requirements of the 
AM equipment and the part material (i.e. suitable for the 
application).

The ‘feedstock purchase specification’ defines the limits 
for feedstock that the Feedstock Supplier must satisfy (for 
powders, the purchase specification typically has tighter 
requirements than the use specification to accommodate 
degradation in properties as the powder is recycled; for 
wires, the purchase and use specifications are typically the 
same).

The feedstock purchase specification defines the properties 
required to enable the part material to satisfy the 
requirements of the formed material specification (see 5.4), 
and hence, the application. Therefore, where particular 
limits on chemistry (including residual elements) are 
demanded by the application, these shall be stated in the 
feedstock purchase specification to notify the Feedstock 
Supplier of the requirement.

Testing of the feedstock is the responsibility of the 
Manufacturer. Where the Manufacturer sub contracts this 
activity to the Feedstock Supplier or to another party, the 
Manufacturer is responsible for controlling this through a 
purchase specification and any witnessing of this testing is 
to be agreed with the Certification Authority.

6.3  Feedstock Procurement

Feedstock is typically procured from an external provider, 
such as the Feedstock Producer or a distributor. The 
feedstock supplied shall satisfy the requirements of the 
feedstock purchase specification.

6.1  General

There are various stages of ‘material’ within the AM 
supply chain, such as the: 

• raw material (e.g. input to the powder production
process);

• feedstock (powder or wire input to the AM process);
• as-built material (the material formed during the AM

build cycle but prior to any post-processing);
• part material (finished material form after all post-

processing and inspection).

The requirements for the part material are defined in the 
material specification (see 5.4), and this influences the 
requirements for the feedstock material. An overview of 
the process is illustrated below.

6 – Materials 

Figure 7 
Materials flowchart
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Full traceability shall be maintained including references 
to the batches blended, test results achieved, material 
specification and the date testing was completed.

Surplus powder feedstock must always be disposed 
of safely in compliance with the MSDS and applicable 
national/international laws and regulations.

The following sections include details of the requirements 
for powder selection, packaging, storage, handling, 
traceability and characterisation – further details of these 
aspects are available within ISO/ASTM 52907.

6.4.2 Powder Selection & Identification

The powder shall be supplied with the following 
information to demonstrate control and traceability:

• contact information for the powder supplier;
• packing date;
• unique identification of the powder (batch number);
• product description (i.e. material name and grade and/or

trade name, if applicable);
• the process used for melting/ producing the powder

(e.g. vacuum induction melting (VIM) with argon gas 
atomisation);

• packaging and storage instructions (specifying maximum
oxygen content);

• material safety data sheet (MSDS).

6.4.3 Powder Characterisation

Characterisation plays an important role in determining the 
overall consistency and acceptability of the powder. The 
following parameters shall be determined from samples 
taken from a powder batch:

• Chemistry. Chemical composition shall be tested
using any suitable testing procedure (e.g. wet chemical 
processes, atomic absorption spectrometry, flame 
emission spectroscopy, x-ray fluorescence analysis). 
The tested composition shall comply with the purchase 
specification. In general, interstitial elements such as
oxygen or nitrogen shall be kept to a minimum as they 
will have a negative impact on the properties of the part
so specific limits shall be stated within the purchase 
specification. Individual values shall be expressed in 
weight percentage.

The Feedstock Supplier is responsible for meeting the 
requirements of the purchase order. The Manufacturer 
 shall consider the end application and where required, 
stipulate any certification requirements for the feedstock 
(e.g. Type 2.2, 3.1, 3.2 in accordance with EN 10204).

The feedstock may be procured by the Manufacturer 
or may be free-issued to the Manufacturer by their 
Customer. In either case, the entity procuring the 
feedstock is responsible for ensuring the feedstock 
complies with the purchase specification.

Procuring feedstock from a Feedstock Supplier that has 
been accredited by a Certification Authority (e.g. Type 3.2) 
provides greater confidence to the purchaser of the 
conformity of the feedstock, and such feedstock would 
not require further testing by the Manufacturer or 
witnessing by the Certification Authority.

A certificate of conformity will detail the results (indicative 
results for Type 2.2) of the inspection and testing 
performed. The certificate shall contain a declaration 
that the feedstock complies with the requirements of 
the purchase order (which might also refer to applicable 
national or international standards).

6.4  Powder Feedstock

6.4.1 General 

Powder feedstock is hazardous and is supplied with a 
material safety data sheet (MSDS) – see Section 14 for 
more information.

The quality of the powder directly affects the quality of 
the part material. There are various powder properties, 
some of which are directly related to the part material 
properties (e.g. chemical composition, bulk density, 
contamination) and some influence the build process 
(e.g. particle size distribution, flowability, morphology).

Mixing of powder feedstocks (i.e. the intermingling of two 
or more powders with different nominal compositions) 
is not generally accepted. However, dependent upon 
the material specification, it is acceptable to use powder 
blends (i.e. where two powders of the same nominal 
compositions are intermingled). Where mixing of powders 
of different nominal compositions is required, this shall 
be discussed and agreed on a case-by-case basis with the 
Certification Authority.

Where powder blends are used, the Manufacturer shall 
ensure the requirements of the material specification are 
met through testing after blending has occurred. 

6 – Materials (continued)
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6.4.4 Powder Storage & Handling 

Powder feedstock storage shall be in accordance with the 
Feedstock Supplier’s instructions, and also include: 

• keeping feedstock in separate, labelled, sealed containers
in a designated dry storage area;

•	 preventing	contamination	between	different	feedstock	
and	different	batches	of	the	same	feedstock,	especially	
when transferring powders from one container to 
another;

• acclimatisation of powders prior to use when storage 
temperatures	differ	from	manufacturing	environment	
temperatures (i.e. to mitigate the risk of condensation
occurring during transfer to the AM equipment);

• preventing the inadvertent mixing of virgin and used
feedstock.

6.4.5 Powder Recycling/Re-use

Due to the inert environment within a PBF machine, 
unfused powder feedstock may be sieved and reused. The 
number of times the feedstock is reused shall be tracked 
and the recycled powder shall be tested and validated 
against the feedstock use specification before reuse. 
The	checking	procedure	shall	be	sufficiently	frequent	to	
establish that the powder complies with the feedstock use 
specification, prior to use (see Figure 8 for an illustration of 
powder recycling, tracking and blending).

6.5  Wire Feedstock 

6.5.1 General 

Wire feedstock does not typically require special handling 
precautions for health and safety reasons, prior to use. 
However, its use is considered hazardous (see Section 14 
for more information). Any surplus wire shall be disposed of 
safely, in compliance with the MSDS and applicable local, 
national, international laws and regulations.

6.5.2 Wire Selection & Identification

Wire feedstock shall be selected to enable the chemistry 
and physical properties required of the part material. 
The equipment and setup used might also influence 
the wire specification to avoid flaws being generated 
during manufacture (e.g. specifying the cast and/or helix, 
depending upon the nature of the wire feed). 

• Characteristic densities. Apparent density (e.g. as per
ISO 3923-1, ISO 3923-2, ASTM B212, ASTM B329, 
ASTM B417) and tap density (e.g. as per ISO 3953, 
ASTM B527). Densities are normally expressed in g/cm3 
and a higher density of powder decreases the likelihood
of flaws (e.g. voids/porosity) in the part.

• Powder flow properties. Flowability may be
determined using a recognised method (e.g. Hall 
flowmeter, as per ISO 4490 or ASTM B213; Carney 
flowmeter, as per ASTM B964, Gustavsson flowmeter, 
as per ISO 13517). Powder flow test results are normally 
expressed in seconds/50g. For particularly fine powders
that are not able to flow, other methods, such as 
measuring the angle of repose (ISO 4324) or rotating 
drum methods may be used. Flowability limits shall be 
set according to the requirements of the process and 
equipment.
For example, in PBF systems the powder needs to 
spread evenly and smoothly across the build platform. 
In DED systems, consistent flowability needs to be 
achieved under a variety of conditions as an aerated 
powder stream.

• Particle size distribution (PSD). Various methods
are permissible, and selection is typically based upon 
the mean particle size, for example, sieving (as per 
ISO 2591-1, ISO 4497, ASTM B214, ASTM B215); 
laser	diffraction	(as	per	ISO	13320);	light	scattering	
(as per ISO 22412, ASTM B822); image analysis (as per 
ISO 13322-1, ISO 13322-2). Content beyond the specified
range	shall	be	reported.	Effective	powders	for	AM	will	
contain both coarse and fine particles to maximise 
packing densities as the finer particles will fill the 
interstices	left	by	larger	ones.

• Description of powder particle morphology. 
Morphology, or shape and form, of a powder can be 
described using the vocabulary defined in ISO 3252 
or ASTM B243.  It has an important influence on the 
measured density and flowability of the powder. For 
example, a powder that has a rough surface and/
or irregular shape can cause interlocking between 
powder particles. This, in turn, decreases flowability 
(e.g.	spherical	powders	of	different	sizes	will	pack	more
efficiently	leading	to	higher	densification).

A suitable sampling procedure (e.g. ISO 3954) shall be 
used to ensure the sample being tested is representative of 
the batch. The sampling procedure, along with sampling 
equipment and any associated cleaning procedures, are 
assessed during the facility audit (see 7.2.4).

If any of the required information is not available on the 
certificates provided by the Feedstock Supplier, then 
further testing shall be conducted by the Manufacturer to 
determine the missing information.

6 – Materials (continued)
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Depending upon the part material and application, other 
properties may be considered such as impact testing, 
fatigue assessment or corrosion testing.

6.5.4 Wire Storage & Handling 

Wire shall be handled in accordance with Feedstock 
Supplier’s guidelines, but in general the following shall be 
observed: 

• all wire shall be stored at the temperature and humidity
recommended by the Feedstock Supplier;

• feedstock shall be stored in original, sealed packaging prior 
to use, clearly labelled in a designated dry storage area;

• steps shall be taken to eliminate contamination of 
packaging and wire by water, oil, grease or any other 
compound which may adversely affect the surface quality
of the wire or cause poor feeding of the wire through the 
AM equipment; 

• any wire which is, or is suspected to be, contaminated
cannot be reclaimed and must be discarded;

• when opening wire packaging and mounting into the 
AM equipment, clean gloves shall be worn to prevent 
contamination of the wire during handling and feeding
through wire feed systems;

• any protective covers on the AM equipment shall be 
closed at all times other than during installation of the
wire, to limit contamination during operation;

• any unused wire shall be returned to its original packaging
and sealed appropriately immediately on completion of 
the part build and returned to the storage areas;

• special consideration shall be given to reactive materials
(e.g. aluminium, titanium) to mitigate against cross-
contamination of materials.

6.6  Gases for DED and PBF-LB

The shielding gas can have a dramatic effect on the 
characteristics of the part material, and therefore, the type 
of shielding gas used for any particular application is critical. 
Composition of the gas will also vary depending upon the 
material being deposited.

Gas mixtures are normally classified to recognised 
standards such as ISO 14175 or AWS A5.32M/A5.32 (Welding 
Consumables – Gases and Gas Mixtures for Fusion Welding 
and Allied Processes). The Manufacturer shall ensure that a 
suitable gas is selected and used.

The Manufacturer shall ensure that the transportation 
and handling of gases and containers comply with the 
applicable local/national laws and regulations.

The following information shall be provided to 
demonstrate control and traceability: 

• contact information for the wire supplier;
• packing date;
• unique identification of the wire (batch number);
• product description (i.e. material name/grade and/or 

trade name, wire type, diameter, weight and spool size);
• packaging and storage instructions;
• any specific cleanliness requirements;
• material safety data sheet (MSDS).

6.5.3 Wire Testing

When a certified wire is purchased (i.e. certification 
provided with the wire satisfies the relevant regulations, 
standards and customer requirements as per the output 
from 5.2), further testing by the purchaser of the wire is 
not required. Otherwise, where the supplier and the wire 
are not certified, it is the responsibility of the purchaser to 
perform the required testing prior to use. 

The quality and consistency of the wire play an important 
role in the quality of the finished part. Prior to using a 
particular batch of wire, a sample of wire shall be examined 
visually and using optical microscopy. The presence of any 
defects or foreign matter (e.g. pits, scratches, processing 
residues or oxides) on the wire can affect the quality of the 
part. The purchaser should reject any wire whose surface 
finish does not meet the purchase specification.

In addition, a test build shall be made and tested to 
confirm physical properties of the deposited material. 

Tests include but are not limited to:

• Deposited chemistry. The analysis is to include the
content of all significant alloying and any elements that
are considered detrimental to the performance 
of the part;

• Tensile tests. Tensile test specimens are to be of circular
cross-section type and of a standard size, as detailed in a 
recognised standard, such as ISO 6892-1 or ASTM E8/E8M.
Testing is to be completed at ambient temperature. Yield 
strength, tensile strength, elongation, and reduction of 
area are to be reported.

• Microstructure examination. The examination is to
be performed at x100 magnification. Details of the 
etchants used, photographs of the microstructure and a
description of the phases observed shall be reported. 

• NDE. This shall include a visual examination and
volumetric inspection aided, if necessary, by other
inspection methods.

6 – Materials (continued)
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Essential to track splitting, use, blending and waste 
(tracking by weight can be useful but is not mandatory).

Powder management 
software is available to help 
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7.2.2  Installation of Equipment

7.2.2.1 AM equipment
The AM Equipment Provider typically performs a factory 
acceptance test (FAT) of the equipment prior to delivery. 
On delivery, a site acceptance test (SAT) is performed by 
the Equipment Provider to the requirements agreed with 
the Manufacturer. The AM equipment shall be maintained 
in accordance with the Equipment Provider’s instructions 
and the Manufacturer shall retain the following records for 
inspection by the Certification Authority:

• installation certificate or installation qualification record
for the equipment;

• ongoing maintenance and calibration records from an
approved provider (e.g. AM Equipment Provider).

7.2.2.2 Gas delivery and shielding equipment
The purity of the gas used for shielding is an important 
process parameter, which can be determined from 
the gas quality certificate. Gas flow rate (and direction 
on some AM systems) are also key parameters to be 
controlled, in accordance with the Equipment Provider’s 
instructions. Selection and maintenance of the gas delivery 
system (including pipework) shall consider gas purity 
and avoidance of contamination. Proper storage and 
conditioning of gas filters shall be performed to prevent the 
introduction of atmospheric moisture content to the AM 
system.

Where gases are distributed through a mains system, 
controls are required for flow, filters and leaks. Monitoring 
and backup systems shall be checked as part of the 
maintenance cycle. Chillers, where used, must flow per the 
Chiller Manufacturer’s recommendations (temperature and 
flow rate recorded on the route card - see 7.2.4.5 - prior to 
every build cycle).

7.2.2.3 Suitable working environment
A suitable environment for the operation of manufacturing 
processes shall be available that includes:

• cleanliness procedure to ensure that cleaning materials
for the equipment comply with customer specification, 
standard or facility requirements;

• procedure for periodic cleaning of equipment to mitigate 
the risk of contamination (e.g. dirt, oil, moisture, oxides, 
etc.) and ensure that equipment is sufficiently clean prior
to use;

• equipment available for lifting & handling (e.g. lift(s) for 
transporting powder receptacles and build plate; trolley 
for changeover of gas cylinders);

7.1  General

This section provides the expectations for AM facilities to 
ensure capability, adequacy and consistency.

7.2  AM Facility Qualification

7.2.1 Overview of Manufacturing Control Requirements

The Manufacturer is required to demonstrate their 
capability to produce the specified AM parts in accordance 
with the relevant standards and regulations that are 
required for conformity. This includes appropriate control 
of the facility equipment, processes and personnel. These 
attributes are assessed by the Certification Authority during 
a facility audit to support the facility qualification, and the 
different aspects are illustrated in the flowchart below.

7 – Manufacturing

Figure 9 
Manufacturing flowchart
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• procedure for monitoring and control of temperature 
and humidity plus any build-up of asphyxiant gas 
emitted from the process (check location, operation and
calibration status of sensors);

• assessment that nearby equipment does not influence 
operation of AM equipment (e.g. nearby rotating 
equipment might induce vibrations that adversely affect
AM builds).

7.2.3  Personnel Training

The output quality from AM processes is highly dependent 
on the training and skills of the personnel involved.

Personnel performing specific assigned tasks shall be 
trained on the basis of appropriate education and/or 
experience. Documented procedures for identifying 
training needs shall be established and maintained 
and suitable training shall be provided for all personnel 
performing activities that affect quality.  

Appropriate records of training shall be maintained, 
which includes but is not limited to the following:

• recognised AM audit scheme that includes suitable
competency assessment of personnel;

• training certificates;
• on-the-job training records;
• documented experience;
• evidence of health and safety awareness 

commensurate with the risks (see Section 14).

Following basic training, personnel qualification shall be 
performed in accordance with a recognised standard, for 
example ISO/ASTM 52926 series (“Qualification of 
machine operators”) and ISO/ASTM 52935 (“Qualification 
of AM Co-ordinators”) once available.

7.2.4  Facility Controls

7.2.4.1 General
Manufacturing process control 
is typically established 
according to the following 
procedural hierarchy:

(1) Quality Management System, QMS (facility-level 
procedures already covered by ISO 9001, AS9100, 
ISO 13485 or similar) – the validity of the QMS 
certification is checked during an AM facility audit 
but activities covered by the QMS are not repeated –
see 7.2.4.2.

(2) Facility procedures describe: what the activities are;
who performs the activities; when the activities are 
performed – see 7.2.4.3.

(3) Work instructions (or standard operating procedures) 
describe how the activities are performed and contain
more detailed, step-by-step instructions – see 7.2.4.4.

(4) Records capture specific details when performing work
instruction activities.

Documentation that relates to how parts are manufactured 
(i.e. specific to the facility and consistent regardless of the 
part being manufactured) are captured within the ‘Facility 
Documentation’ (see 10.3). The documentation within the 
facility procedures is reviewed during a facility audit (see 
7.2.4.3), where operations are witnessed to verify adherence 
to those procedures and work instructions.

Documentation that relates to what is being manufactured 
(i.e. specific to the part rather than the facility) are captured 
within the Manufacturing Plan (see 10.2). On completion 
of the inspection and testing (see Section 9), all records 
are collated within the Manufacturing Plan and successful 
testing provides validation of the facility controls.

7.2.4.2 Quality management system (QMS)
Quality assurance requirements are automatically 
considered to be met when a recognised quality 
management system certification (e.g. ISO 9001, AS9100, 
ISO 13485) with an appropriate scope is in place, issued by 
a recognised Certification Authority. 

If recognised certification is not available, then adequate 
controls may be demonstrated through a review of the 
Manufacturer’s QMS, which includes:

• quality manual and risk assessment;
• control of suppliers (e.g. list of approved suppliers);
• control and maintenance of technical resources (e.g.

standards, books and publications, software);
• evidence that employees are aware of the risk assessment

and mitigations;
• evidence of digital file/workflow control (i.e. prevent 

modification of geometry unless within the configuration
control of the CAD workflow);

• control of non-conforming items.

QMS certification alone is not sufficient to address the 
AM-specific requirements that support part certification.

7 – Manufacturing (continued)
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All records produced whilst performing an operation 
specified on the route card shall be retained with a unique 
identification and referenced on (or attached to) the route 
card.

The route card shall also record the following information:

• unique job / build number;
• part number (or unique identification);
• feedstock reference (e.g. batch number, material grade);
• build model file (including version);
• parameter file(s) used;
• operator ID;
• AM equipment reference (including firmware version);
• date(s) of manufacture;
• other information specific to the order or AM process used

(e.g. gas requirements, build quantity).

Completed route cards shall be validated and retained 
within the Manufacturing Plan (see 10.2).

7.2.5  Geometrical Definition

The same geometry file shall be used for each qualification 
build, such that any differences in the test results between 
qualification builds cannot be attributed to changes in the 
digital geometry.

The Manufacturer may design their own qualification 
geometry (i.e. that covers the range of geometries expected 
during manufacture). However, the qualification geometry 
shall represent the full extent of the build space used when 
manufacturing parts.

7.2.6  Feedstock Specification

The same feedstock specification shall be used for each 
qualification build, such that any differences in the test 
results between qualification builds cannot be attributed to 
changes in the feedstock. Refer to 6.2 for details of feedstock 
specifications.

7.2.7  Build Parameter Sets

7.2.7.1 Powder bed fusion process parameters and effects
Understanding, control and traceability of the following 
parameters shall be demonstrated:

• laser or electron beam (e.g. power, spot dimensions,
exposure time, focus position);

• for laser-based systems, gas composition in the chamber
meets specifications (gases may be controlled utilising 
various external methods);

7.2.4.3 Facility procedures
Detailed, relevant, facility-specific procedures and 
associated documentation shall be made available to 
the Certification Authority for review. For example, 
these might include:

• digital file control;
• feedstock control and tracking procedure;
• waste disposal procedure;
• replacement and storage of consumables;
• storage and maintenance of tools and auxiliary

equipment;
• manufacturing control system (see 7.2.4.5);
• procedure for failed builds (e.g. suitable disposal of part-

built items; acceptance process for items that completed
before the failure occurred; process for an investigation 
into reasons for failure) – also see 9.4.1 and 9.4.2.

The procedures shall include all necessary information 
including the frequency of:

• servicing / preventative maintenance;
• performance tests / qualification builds;
• calibration.

7.2.4.4 Work instructions
Work instructions are detailed, step-by-step instructions 
that explain how to perform specific activities. For 
example, these might include:

• equipment cleaning and maintenance;
• operation and maintenance of lifting and transportation

equipment;
• digital file preparation;
• feedstock preparation (e.g. sieving powders)
• AM equipment preparation (e.g. pre-build checklist);
• part specific fixture and build platform loading;
• build monitoring (regular and systematic supervision

and examination of all builds);
• post-build operations and part removal (e.g. post-build

checklist).

7.2.4.5 Manufacturing control
Manufacturing control is typically established through 
the use of route cards (i.e. job card, traveller, work order 
request, etc.) that specify each required step in the 
process (example provided in ASTM F3303).

Where procedures or work instructions are used during 
manufacture, these shall be referenced against the 
applicable operation on the route card.

7 – Manufacturing (continued)
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7.2.7.2 Directed energy deposition by laser process 
parameters and effects
Understanding, control and traceability of the following 
parameters shall be demonstrated:

• laser (e.g. power at the workpiece, spot dimensions, focus
position, beam profile);

• nozzle (co-axial, 3-beam or
side-feeder);

• traverse speed;
• stand-off distance (i.e. the distance between nozzle tip

and surface);
• shielding gas (e.g. Ar or He), gas flow rate and direction

(relative to surface);
• powder carrier gas (e.g. Ar or He – may be different to the

shielding gas), gas flow rate;
• heat input and cooling characteristics;
• external environment controls (e.g. temperature,

humidity);
• powder feedstock (particle size range and distribution,

morphology, feed rate, flow rate, deposition rate);
• laser absorption/reflectivity (e.g. the substrate may

require shot-blasting to reduce reflectivity);
• control of substrate (e.g. material on which deposition

occurs; cleanliness of substrate).

Possible effects that may occur due to the choice of process 
parameters, and which may be reduced or eliminated by 
optimisation of process parameters:

• distortion;
• contamination (with different powder or oxygen

contamination);
• lack of repeatability/consistency;
• inconsistent results when transferring process conditions

to different geometries and between DED equipment;
• excessive/insufficient dilution with the substrate;
• porosity (e.g. due to certain powder morphology and alloy

selection);
• cracking (various types and conditions of cracking; pre-

heat required for crack-sensitive materials);
• surface finish (may require machining - considered as near

net shape).

7.2.7.3 Directed energy deposition by arc using wire 
process parameters and effects
Understanding, control and traceability of the following 
parameters shall be demonstrated:

• supplier of consumables;
• deposition process and positions;
• deposition pattern/path;
• control of consumable (e.g. storage and drying conditions);

• point distance (i.e. distance between successive laser
spots);

• scanning strategy, including hatch distance and patterns
(i.e. shift between tracks in the plane of the beam 
scanning and track distance);

• z-axis movement and layer thickness (i.e. the distance
between successive build layers);

• laser absorption/reflectivity (e.g. the substrate may
require shot-blasting to reduce reflectivity);

• build environment controls (e.g. inert gas flow, build 
platform preheat temperature, build space temperature
and pressure, cleanliness of build chamber and lens 
cover of laser, recoater blade);

• external environment controls (e.g. temperature,
humidity);

• powder feedstock (e.g. particle size range and 
distribution, morphology) whether full clean / purge is
required following a change of powder specification;

• powder dosing rate, which may be varied either 
automatically or manually during a build to ensure 
consistency of each powder layer (note that changes to
the dosing during a build cycle shall be recorded);

• control and suitability of baseplates (e.g. baseplate
material, thickness, cleanliness).

Possible effects that may occur due to the choice of 
process parameters, and which may be reduced or 
eliminated by optimisation of process parameters:

• porosity;
• lack of fusion;
• balling (defect where small spheres form leading to

discontinuities in the fusion path).
• cracking;
• de-lamination;
• high residual stresses (influence the dimensional

accuracy of a part and the risk of cracking);
• difficulty achieving repeatability

and accuracy;
• contamination (typically caused by the change of

powder and/or oxygen contamination);
• surface finish (may require machining - considered as

near-net-shape);
• inadequate fill/spreading of a powder bed layer

(sometimes referred to as ‘short-feeding’);
• change in material composition (caused by evaporation

of volatile alloying elements under intensive heating).

7 – Manufacturing (continued)
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7.2.10  Requalification

Qualification builds shall be repeated to revalidate the 
equipment and processes after the following events:

• update to AM equipment firmware/software version;
• installation of hardware changes to the AM equipment;
• relocation of the AM equipment or changes to the working

environment (see 7.2.2.3);
• performing build of the same part on a different machine;
• rejection of part (or testing of specimen(s) produced

under the process qualification route, which shows 
material quality that is out of specification);

• validity period of qualification build has expired 
(to be set by the Manufacturer but typically no longer
than 12 months).

It is recognised that build parameters do not transfer 
directly between different AM machines and further testing 
would be required before transferring the production of 
parts from a qualified AM system to one that had not been 
qualified (this includes using different AM equipment 
within the same facility and the same AM equipment model 
at a different facility). Taking PBF-LB systems as an 
example, the following list provides an example of some 
characteristics that vary between machines, thus leading 
to different results:

• laser beam profile;
• laser behaviour (e.g. possible loss of energy);
• particle flow characteristics;
• inert/shielding gas flow behaviour (e.g. flow direction

and uniformity).

7.3  Additional Controls for Powder Bed Fusion Systems

It is considered good practice to include the following 
on a PBF build:

• density block (which can act as the first notification of
potential issue during build);

• full-height control specimens (as defined within 5.6) 
can be useful in the investigating changes between the 
different post-processing stages (e.g. as-built, post-
thermal treatment) and for further testing and analysis
relating to specific layers (as test specimens can be cut 
from the control specimens at any desired height);

• one set of tensile test specimens to be retained for future
reference of the as-built material properties.

Any non-conformities detected at this stage shall be 
reported and agreed with the Customer (and where 
applicable, the Certification Authority) before continuing.

• chemical composition of deposit;
• deposition parameters (amperage, voltage, torch

travel speed, etc.);
• preheat and interpass temperatures;
• cleaning between layers and inspection during

manufacture;
• control of baseplates (e.g. baseplate material selected

for the build; cleanliness of baseplate);
• post-production heat treatment.

Possible effects that may occur due to the choice of 
process parameters, and which may be reduced or 
eliminated by optimisation of process parameters:

• distortion;
• cracking;
• surface finish;
• porosity;
• lack of fusion.

For qualification of the DED-Arc system itself, please refer 
to LR’s Guidance Notes on Technology Qualification.

7.2.8  Qualification Builds

Qualification builds shall be performed using the 
geometry established by the Manufacturer (see 7.2.5), 
feedstock that conforms to the qualification specification 
(see 7.2.6), parameter set(s) and path programmes 
appropriate to the geometry and AM equipment (see 
7.2.7). Testing of specimens produced shall be witnessed 
by the Certification Authority and results of that testing 
reviewed to establish conformity against the requirements 
of the material specification (see Section 9 for details of 
inspection and testing requirements).

7.2.9  Part Builds

Where parts are produced under the direct inspection 
route (see 9.1.1), sufficient specimens shall be provided 
within the build layout to establish consistency of the 
material properties throughout the part, regardless of 
geometrical feature or location/orientation within the 
build space.

Where parts are produced under the process 
qualification route (see 9.1.2), a single set of specimens 
(to be agreed with the Customer and where applicable, 
the Certification Authority) shall be produced alongside 
the part to establish consistency with the results of the 
qualification build.

7 – Manufacturing (continued)
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Prior to removal from the build platform, the operator will 
perform a review of the build log following the completion 
of the build to confirm that build parameters remained
within allowable tolerances. Any manual or unexpected 
variations from the build plan that were not captured during 
build monitoring (see 9.3) shall be recorded on the route 
card before commencing any post-processing operations. 
Any pauses or interruptions identified within the build log 
shall be reviewed for acceptability.

8.2  Removal from Build Space

The steps vary depending upon the selected AM process 
but may include one or more of the following:

• removal of clamps or bolts that fasten the build platform
to the AM equipment;

• removal of loose powder with compressed gas, brushing
or vacuum;

• secondary operations may be specified to facilitate the 
removal of loose powder from the interior of parts;

• sonic/ultrasonic cleaning methods may be specified on
the route card;

• automatic de-powdering units and unpacking stations
may also be utilised.

All loose powder removed during these operations shall 
be considered as waste (see 7.2.4.3).

Adequate health and safety controls shall be in place, 
such as:

• containment systems;
• exhaust ventilation systems;
• personal protective equipment (PPE), such as respiratory 

equipment (see Section 14 for further details of health and
safety requirements).

8.3  Thermal Treatments

The main purposes of thermal processing are:

• reducing residual stresses generated during the build (to
minimise distortion);

• achieve specific micro-structural conditions and 
corresponding mechanical properties required by the
material specification;

• heat treatment to normalise the structure (due to the 
comparably small melt pool dimensions, high cooling 
rates and rapid solidification, which lead to the formation
of inconsistent structures and anisotropic properties).

8.1  General

To achieve the required properties and delivery condition 
of the part material, other processes may be necessary 
following the AM build, according to the material, code 
and application requirements. 

Post processing can be categorised into stages, as 
illustrated in Figure 11. 

(1) Thermal treatments are often performed whilst all 
geometry is still joined to the build platform to relieve 
residual stresses resulting from the build. However, 
thermal treatments may be performed after separation
and mechanical finishing, if preferred.

All post-processing activities shall be documented in the 
route card. Documentary evidence of the procedures 
performed, and equipment used (for example furnace 
chart), shall be retained in the Manufacturing Plan.

The same post-processing activities applied to the part 
shall also be applied to the test specimens.

8 – Post-processing
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Post-processing flowchart
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For parts produced by powder bed fusion, hot isostatic 
pressing (HIP) may also be required to densify the part 
and remove internal voids or micro-shrinkage. HIP is 
not mandatory; however, it is considered good practice 
to HIP PBF AM materials unless it is shown that HIP is 
unnecessary.

The thermal treatments shall be performed by trained 
personnel, using suitable equipment, calibrated to 
national standards (where appropriate) and in accordance 
with the requirements of the material specification.

8.4  Build Platform Separation

If the build platform is not integrated into the part then 
the part must be separated from the build platform and 
any support structures, where used (e.g. snapping, sawing, 
EDM). Other items that require separation may include:

• test specimens (including density blocks);
• control specimens.

Consideration shall be given to the method specified for 
the removal of supports to ensure that they do not have a 
detrimental effect on the integrity of the part. For example, 
the design of the interface between support structures 
and the part (i.e. teeth) can be defined at the design stage 
to ease the separation. 

Where some items are intended for removal prior 
to thermal treatment (e.g. density blocks, control 
specimens), consideration shall be given to the placement 
of these items in the build layout such that they can be 
easily removed without affecting adjacent material.

Separation operations shall be performed by trained 
operators utilising appropriate processes and PPE (see 
Section 14 for further details).

8.5  Mechanical Finishing

Finishing operations are not property changing processes 
(i.e. they do not affect the mechanical or metallurgical 
properties of the material); they are used to achieve the 
required final geometry and surface finish.

It is often necessary to modify the surface finish of AM parts 
to meet the requirements of the application, and therefore 
suitable post-processing methods to achieve the required 
surface finish are selected at the design stage.

Various mechanical finishing techniques might be utilised 
(e.g. machining, grinding, polishing, abrasive slurries). 
Selection is based on the material, geometry, surface 
requirements (e.g. chemical resistance, surface roughness, 
geometric tolerances) and aesthetic and economic 
considerations.

8.6  Post-Process Documentation

Documentary evidence of the procedures performed 
(including reference to the operator), equipment used 
(including calibration certificates), and records of the 
procedure (e.g. furnace charts) shall be retained within 
the Manufacturing Plan. 

8 – Post-processing (continued)
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9.1  General

To ensure repeatability, accuracy and consistency when 
producing AM parts, the selected testing and inspection 
regime must be sufficiently rigorous and consider the 
criticality of the part and the potential impact of any lack 
of repeatability of the AM technique.

9 – Inspection & testing

Figure 12
Inspection & testing flowchart
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9.2.2  Metallurgical Testing

As a minimum, the following shall be established and 
confirmed to meet the requirements of the material 
specification:

• chemical composition;
• density (porosity);
• microstructure (specific testing will be agreed on a case-

by-case basis dependent upon the material, part and 
application requirements).

9.2.3  Non-Destructive Examination

The selected design code will drive the quality level 
required, which will establish the critical defect (indication) 
size, and therefore, which NDE methods are appropriate. 
If considered necessary, destructive testing might also be 
applied. The final selection of NDE methods shall consider: 
the AM process used; the complexity of the part; the 
criticality of the application; and any inspection limitations. 

The inspection shall include the following as a minimum:

• 100% visual examination;
• 100% examination of the required dimensions, specified

at the design stage (see 5.5).

The acceptance criteria established during the requirements 
captured at the design inputs the stage (see 5.2) shall 
consider all reasonably foreseeable load cases (e.g. if the 
part is subject to dynamic loading, the fatigue performance 
shall be specified with the acceptance criteria).

The Manufacturer shall retain manufacturing records (job 
control records), along with testing and inspection reports.

Final inspection by a Certification Authority shall not 
commence until all post-processing is complete.

All dimensional checks and NDE shall only be undertaken 
after all post-processing operations (e.g. heat treatment) 
have been performed; this shall be defined within the ITP. 
If heat treatment (or other stress mitigation measures) 
are not specified, dimensional checks and NDE shall only 
be undertaken once the part is no longer subject to post-
manufacturing effects (e.g. after a suitable cooling period, 
which is dependent upon part and material).

9.1.1  Direct Inspection

This approach is typically used where one-off or small 
volumes of the part are being manufactured (i.e. where 
a process qualification route would be disproportionally 
time-consuming and expensive). The part(s) are typically 
built on a single platform with the test specimens required 
to prove the material properties. More specimens 
are required in this approach than would be required 
alongside each part using the process qualification, 
but fewer specimens are required than for the process 
qualification itself.

9.1.2  Process Qualification

This approach is used to qualify a defined range of 
geometries (e.g. a range of wall thicknesses) for specified 
build parameter sets. The build(s) for process qualification 
require more specimens to be produced than would be 
necessary for a single part qualification under the direct 
inspection route, but these would qualify a range of 
geometries within the build space used for qualification. 
The subsequent production of parts would then require 
minimal test specimens to be produced alongside the part 
(i.e. sufficient to demonstrate that the material properties 
are still within the range qualified), making this approach 
more cost and time effective for medium to large volumes.

9.2  Inspection & Test Plan (ITP)

Details of the content of the ITP referred to in 5.5 are 
defined below.

9.2.1  Mechanical Testing

Testing shall be undertaken on test specimens and the 
part, as required. Testing requirements will be specific to 
the part geometry and application and are therefore to 
be agreed with the Certification Authority.

Test specimens shall be representative of the part, taking 
into account mechanical properties and geometry. 
Consideration shall also be given to minimum and 
maximum feature size within the part and the build 
orientation.

The minimum testing requirements, depending upon the 
qualification method and criticality, are defined in the ITP.

9 – Inspection & testing (continued)
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9.3  In-Process Monitoring

The requirements for in-process monitoring and recording 
of the build shall be in accordance with the facility work 
instructions, and where specified, the requirements of the 
Manufacturer or their customer; which as a minimum shall 
specify:

• what is measured;
• how often measurements are taken;
• how and where the measured data is captured.

The frequency of monitoring and recording may be 
adjusted for a particular job based upon the following 
considerations:

• criticality (see Section 15 for more information);
• any test or inspection limitations identified in the part

during previous examinations;
• the geometry;
• stress distribution;
• the maturity of the AM technique at the point in time of

manufacture;
• whether continuous condition monitoring is performed

automatically by the AM equipment;
• control feedback systems during manufacturing.

9.4   Non-Conformances

9.4.1  Control of Non-Conforming Items

To prevent the shipment or use of non-conforming 
products, the Manufacturer shall establish and maintain 
procedures to ensure the identification and segregation of 
all non-conforming products.

Control and quarantine of non-conforming items shall be 
in accordance with the facility QMS. 

9.4.2  Acceptance of Deviations

Acceptance of deviations and concessions for use shall 
follow a documented procedure which ensures that all 
aspects of the proposals are considered, including an 
engineering assessment of the effects of the proposed 
deviations on the safety, function, life expectancy, 
interchangeability or appearance, of the part.

The use of control specimens (as defined within 5.6) can be 
useful in the investigation and for justification purposes, as 
test specimens can be cut from the control specimens at 
any desired layers within the build to investigate deviations.

Following this assessment, acceptance of deviations must 
be agreed by the Manufacturer, the end user and, where 
applicable, the Certification Authority, and shall be recorded 
in the Manufacturing Plan.

9.4.3  Corrective & Preventive Actions

The Manufacturer shall establish and maintain documented 
procedures for implementing corrective and preventive 
action to eliminate the cause of actual or potential non-
conformities.

Corrective or preventive action shall be appropriate to 
the magnitude of the problem. The Manufacturer shall 
implement and record any change in the documented 
procedures resulting from corrective and preventive action. 
Where these actions relate to health and safety aspects 
(see Section 14) then this may require update to the facility 
procedures and/or risk register.

The procedures for corrective action shall include:

• the effective handling of customer complaints and reports
of non-conformities;

• investigating the cause of non-conformities and recording
the results of the investigation;

• applying controls to ensure that corrective action is taken 
and that it is effective;

The procedures for preventive action shall include:

• the use of appropriate sources of information 
(e.g. processes and work operations, concessions, 
audit results, quality records, customer complaints)
to detect, analyse and eliminate potential causes 
of non-conformities;

• determining the procedure to prevent non-conformities;
• initiating preventive action and applying controls to

ensure that the action is effective;
• ensuring that relevant information on actions taken,

including changes to procedures, is submitted for 
management review.
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10.3  Facility Documentation

• Valid QMS certification.
• An outline description of the relevant manufacturing 

plant and equipment (including details of geographical
location) and related procedures:
– major items of equipment used for additive

manufacturing;
– for powder processes, powder inspection and recycling

equipment (e.g. sampling and sieving equipment);
– heat treatment facilities;
– destructive and non-destructive examination facilities;
– facilities for chemical analysis, metallurgical and

mechanical examination.
• Feedstock supply information (including supplier 

details; confirmation that materials conform to purchase
description; MSDS).

• Feedstock storage and handling information (including
procedures and work instructions that apply to all 
projects).

• Records of inspection equipment used for measuring and
testing
(e.g. calibration certificates).

• Records of equipment used for metallographic 
examinations, mechanical tests, non-destructive tests, 
hydraulic and gaseous testing (where appropriate, this
is to include details of the testing procedures used).

• Training records of manufacturing and inspection
personnel (personnel shall possess the requisite 
qualifications and/or demonstrate competence).

• Current or future development which affects the supply
must be reported in the following form:
– summary description of development facilities;
– research and development of grades;
– publications.

• If the Manufacturer’s facility is not equipped with 
adequate heat treatment or examination facilities, 
then the conditions under which these activities are 
subcontracted shall be stated and provide the pertinent
data for the operations involved.

10.1  General

The Manufacturer shall identify and plan the 
manufacturing processes that directly affect quality. They 
shall ensure that these processes are carried out under 
controlled conditions and shall include documented 
evidence as follows.

A ‘Manufacturing Plan’ is required for each AM part design 
and this shall contain all the information required to 
produce that part.

The Manufacturer shall maintain ‘Facility Documentation’ 
that contains all procedures, work instructions and record 
templates that are used for manufacturing activities that 
are not specific to the part(s) being produced.

The retention period for documentation (digital or 
hardcopy) will be dependent upon the Manufacturer’s 
procedures and the regulatory requirements (i.e. some 
industries require longer retention periods than others). 
This is assessed during the QMS assessment rather than 
during an AM-specific facility audit.

10.2  Technical Documentation Relating to Part(s)

• A description of the part(s) with which the application
for approval is concerned.

• Applicable specifications, standards, codes,
regulations, etc.

• Engineering drawings/models used for manufacture
(CAD).

• Applicable calculations, if required by regulation(s) or
code(s).

• Material specification for the formed part.
• Installation, operation and maintenance instructions for

the part, where applicable.
• Feedstock information and certification (including 

parameters stated within the feedstock specification(s) -
see 6.2).

• Inspection & Test Plan (ITP).
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11.2  Resources

The organisation shall determine and provide the resources 
needed for the design, manufacturing and inspection 
and continual improvement of the parts intended to be 
manufactured by AM.

11.3  Competence

The organisation shall demonstrate the competence of the 
primary personnel roles (Designer, Programmer, Operator 
and Inspector) by:

• ensuring that these personnel are competent on the basis
of appropriate education, training or experience;

• whenever necessary, taking actions to acquire the 
required competence and evaluate the effectiveness of
the actions taken.

11.1  Leadership & Commitment

The top management of the organisation shall 
demonstrate leadership and commitment with respect 
to the design, manufacture and inspection of the parts 
intended to be manufactured by AM, by:

• ensuring that the resources needed for the parts 
intended to be manufactured by AM are available;

• ensuring that parts intended to be manufactured by
AM achieve their intended outcomes;

• supporting other relevant management roles to 
demonstrate their leadership as it applies to their areas
of responsibility;

• ensuring that any subcontracted operations are 
subject to adequate controls and inspection criteria 
in accordance with relevant quality requirements and
these guidelines.

12.1  Intellectual Property

AM provides significant design freedoms, the ability to 
create designs which cannot be manufactured using any 
other method is a strong reason to select this technology. 
However, AM is increasingly also used to recreate obsolete 
and other existing spare parts, which may be subject to 
intellectual property (IP) rights.

The IP rights are split into six main areas which are listed 
below:

• Utility Patents. This covers the creation of a new or
improved process or product.

• Copyrights. This is the rights the creator has over their
literary and artistic works

• Trademarks. This covers recognisable signs or marks
for products or services from a unique source

• Design Patents. This covers the unique visual qualities
of a manufactured item

• Trade Secrets. This covers confidential business
information on methods, processes or knowledge

• Contract Rights. Rights which are granted through a
contract to use the IP in a defined manner

11 – Organisational requirements

12 – Data & digital

Manufacturing using AM is subject to the same rules as 
manufacturing using any other process, and the legalities 
around the ownership of designs, CAD model and the 
manufacturing STL/AMF files must be strictly controlled.

For existing parts, the Manufacturer has to provide 
permission for the reproduction of their designs etc, and 
even for obsolete parts, in most cases, the IP rights do not 
cease when the company has gone into receivership or 
liquidation. This must be checked prior to the manufacture 
of obsolete parts.

Many organisations are recognising that AM is another way 
of distributing spares for their items; some are allowing 
printing within their own supplier network, others are 
releasing simple items onto websites and making them 
available freely, others are investigating how they can sell 
single prints to enable end users to print their own spares. 
It is however still the responsibility of the person using this 
data to determine that they have the authority to use it.
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The CAD file and subsequent print file (e.g. STL) shall be 
encrypted when sent between locations where possible and 
there is software on the market which can support this and 
add other safeguards such as distributing the file line by 
line. (because you may be selling a single print and do not 
want to provide the CAD file). 

The machines themselves could in certain circumstances 
be vulnerable to attack and the Equipment Providers are 
constantly looking at how to secure both the programs and 
firmware in the most effective way. For machines which are 
producing parts for the most critical of applications, the 
machines will be isolated, and an airgap placed between it 
and the outside world.

Within AM there is a lot of discussion around the CAD file 
and the machine, but the transmission of the data between 
different locations is just as important and in some cases 
is the point where someone could intercept and copy the 
data, or in some cases modify the data to compromise 
the finished part. Although for most prints this is unlikely, 
consideration should be given to this possible activity.

If you want to learn more about cybersecurity, please visit 
www.lr.org/additive-manufacturing

12.5  Virtual Stores

One of the advantages that additive manufacturing can 
offer many organisations is the ability to store spares as 
digital spares which would allow the organisation to only 
print the spares when they need them reducing inventory 
costs. It is also interesting to note that many of the logistics 
companies are looking at AM as a huge disrupter to their 
distribution businesses and are looking at how they can 
utilise AM as a value proposition in their own operations.

Currently, the number of parts that could be effectively 
held digitally and produced on demand is still relatively low 
(around 7.5% or 10% of the total parts held). This number 
is, however, increasing year on year. The diagram on the 
following page shows how the various aspects of creating 
AM come together to create a virtual storage capability.

Research has shown significant savings can be made 
through the use of virtual stores and we expect to see 
Original Equipment Manufacturers (OEM) releasing 
copyrighted data to allow companies to print their own 
spares. In some of the large projects, end users are 
requesting a percentage of parts be made available digitally 
from the OEM’s to print spares for the operational phase of 
their projects.

12.2 Industry 4.0

Industry 4.0 is looking at how we connect the 
manufacturing workplace together. Within additive 
manufacturing industry 4.0 impacts many of the processes 
and approaches used by a number of organisations. 
Almost every aspect of AM is connected to the work that is 
being undertaken as part of Industry 4.0. 

Industry 4.0 is broken down into the following 
sub-categories:

• CPS – Cyber-Physical Systems
• IOT – Internet of things
• IIOT – Industrial internet of things
• AI – Artificial intelligence
• AR – Augmented Reality

If you want to learn more about Industry 4.0 and how it 
may affect your AM journey, further information can be 
found at www.lr.org/additive-manufacturing

12.3  Digital Validation

This is one of the areas that a number of organisations 
are working on. Each print generates a huge amount 
of data, in many cases, this runs to several terabytes of 
information, and this amount of data will continue to grow 
as Equipment Providers continue to add more sensors into 
their machines to measure various aspects of the build.

LR will not accept Digital Validation as the sole basis 
for the acceptance of parts produced using AM, we are 
continually reviewing the methods of validation for the 
acceptance of AM parts and there may be certain aspects 
of a build that can be used to validate the part.

12.4  Cybersecurity 

Wherever you have data being utilised or exchanged, 
then that system is vulnerable to an attack or theft of the 
core IP and data. Additive manufacturing has a number 
of areas that need to be considered within this area. AM 
is not unique in being vulnerable to attacks, and many 
of the safeguards that we have in place at our places of 
work, form a large part of a cybersecurity threat. Although 
most people consider the threat as coming from digital 
sources, such simple things as holding the door open for 
strangers or picking up a memory stick in the car park can 
be far bigger threats than those which enter through the 
firewalls.

12 – Data & digital (continued)
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12.6  Additive Manufacturing Supply Chain

Although it may appear that the supply chain for AM is just 
the machine and the feedstock, the actual supply chain 
has more operations contained within it. 

12 – Data & digital (continued)

Figure 13 
Virtual storage

Figure 14
AM supply chain

Inspection

Post-process

AM Build

Design Software Feedstock Producer AM Equipment Provider

Build Software Feedstock Supplier In-house Facility AM Service Bureau

Additive Manufacturing
Value: Cost, volume
Key enabling AM capabilities:
• Ease of design changes
• Ease of customisation
• Efficiency of raw materials use
• Design validation

Spare Part Identification
Value: Decreasing cost, risk 
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Key enabling AM capabilities:
• Increased product 
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• Decreasing lead time
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Digital Warehousing
Value: Improve performance and 
decrease storage time
Key enabling AM capabilities:
• Elimination of buffer inventory
• Print close to site
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• Remove failure modes

Business Model Evolution
Value: Growth and innovation
Key enabling AM capabilities:
• Manufacturing at point 

of use
• Supply chain 

disintermediation

The overall structure of the supply chain is illustrated 
within Figure 14.
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Figure 15
Modular approach to certification

13 – Certification flowchart
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For further information, please refer to the applicable 
national/international laws, regulations and guidance 
e.g. for the UK, HSG 103 Safe Handling of Combustible
Dusts: Precautions against Explosions).

14.4  Exposure to Hazardous Substances

AM processes can include exposure to substances that are 
hazardous to health. They can enter the body either through 
inhalation, absorption through the skin, ingestion and 
injection and can cause serious illness.

Typical hazards include, but are not limited to dust, mists 
and germs, lubricants, fluids.

Any hazardous substance shall be supplied with an MSDS. 
The Manufacturer shall use this to perform a COSHH 
assessment.

Safety controls may include:

• containment systems;
• exhaust ventilation systems;
• personal protective equipment (PPE) 

(e.g. full body-suit and mask when working with
powder particles < 20μm);

• respiratory protective equipment (RPE).

14.5  Hazardous Atmospheres

In AM, hazardous atmospheres can be caused as a result 
of dust, fumes and gases released during AM processes. 
Hazardous atmospheres may also arise due to the 
displacement of oxygen, e.g. the use of argon and helium 
as shielding gases.

Safety controls may include:

• ventilation systems;
• gas alarm systems that monitor and detect changes in

oxygen levels and air pressure;
• appropriate storage facilities for hazardous substances;
• emergency plan in the event of an accidental release

or spill.

 14.1  General

This section provides information on the key hazards and 
risks associated with AM and the duties of the Manufacturer 
within the workplace to prevent hazards occurring.

The typical health and safety risks associated with AM 
include the following:

• dust fire and explosion;
• exposure to hazardous substances;
• hazardous atmospheres;
• artificial optical radiation (AOR);
• moving machinery;
• noise.

14.2  Safety Requirements for the Manufacturer

The following are a summary of the basic safety 
requirements for the Manufacturer:

• comply with all relevant national and international
safety regulations;

• identify the hazards that could cause injury or illness;
• identify the risk that an individual could be harmed;
• identify the severity that may result in an individual

being harmed;
• ensure adequate safety controls are in place for the

protection of human life;
• ensure appropriate training and competence for all

personnel;
• ensure an appropriate emergency response plan is 

in place to deal with potential injuries, illnesses and
accidental releases of harmful substances.

14.3  Dust, Fire & Explosion Hazards

In AM there are risks associated with fire and explosions. 
In particular for powder bed fusion AM the fine powder 
particle sizes used can increase the risk of fire and 
explosion due to issues relating to a static electrical charge.  
Meanwhile, DED processes are “hot working” processes 
and therefore there is a risk of fire if combustible material 
is present.

Controls may include:

• hazardous area classification;
• intrinsically safe machinery, equipment and clothing;
• fire prevention, suppression and containment systems;
• dust explosion alarms;
• explosion venting.

14 – Health & safety
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14.6  Artificial Optical Radiation (AOR)

AOR includes light emitted from all artificial sources such 
as ultraviolet, infrared, laser and electron beams. 

Sources of optical radiation in AM include:

• the use of lasers and electron beams to melt during
manufacture;

• the use of melting arc during WAAM activities emits
ultraviolet light.

Exposure to AOR can result in serious injury/illness 
including:

• severe burns;
• damaged eyes or loss of vision;
• death.

Controls may include:

• safety screens;
• remote viewing;
• safety clamps and interlocking systems;
• PPE such as face shields;
• restricting access and safety warnings.

All personnel working with sources of AOR shall be fully 
trained and competent to do so.

14.7  Moving Machinery

Moving machinery and automated parts, such as robot 
arms, pose a safety risk to personnel including collision 
with mechanical parts and entrapment.

Controls may include:

• ensure all personnel working with machinery are
trained and competent to do so;

• run programmes from outside of the machinery
workspace;

• use of speed limiters;
• use of interlocking devices, emergency shut off laser

beams and emergency stop buttons;
• exclusion zone markings and safety signage.

14 – Health & safety (continued)

14.8  Noise

AM and its ancillary operations can generate a significant 
amount of noise, even if the specific process is relatively 
quiet itself. High noise levels or long-term exposure at a 
lower level can seriously damage hearing.

Controls may include:

• engineering/technical controls to reduce at source, the
noise produced;

• use screens, barriers, enclosures to reduce at the source
the noise produced;

• limit time spent by personnel in noisy areas;
• use of earplugs and defenders.
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