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About LR

Lloyd's Register Foundation & Group

1. LR Foundation is a charity 

2. Its mission is to enhance safety of life and property, and 
advance public education 

3. It is based in the UK but gives grants globally

4. It is the sole shareholder of the Lloyd’s Register Group

5. Impact and excellence are the major grant-giving criteria

6. >$27M donated to LR Foundation to support science & 
engineering research and education
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Why certify?

Safety

• Consumers

• Operators

• Members of the public

• Assets

• Environment

Bhopal disaster – 1984
>3787 lives lost, >500,000 non-fatal injuries

Piper Alpha – 1988
167 lives lost

Concorde – 2000
113 lives lost

Flixborough disaster – 1974
28 lives lost, 36 non-fatal injuries



Why certify?

Product assurance

• Industry & market acceptance (safety of 
product for intended application)

• Confirms legal requirements are met

• Provides assurance of quality and 
capability to manufacturers, clients and 
users

Stand out from the crowd
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Why certify?

Product assurance

• Industry & market acceptance (safety of 
product for intended application)

• Confirms legal requirements are met

• Provides assurance of quality and 
capability to manufacturers, clients and 
users

Self-certification

• Aerospace: CAA

• Medical: FDA

• Mining: Country specific (e.g. Indian 

Bureau of Mines)

• Automotive

3rd party certification

• Oil & gas

• Marine

• Energy

• Construction

Safety

• Consumers

• Operators

• Members of the public

• Assets

• Environment



Qualification & 
Certification

LR provides material and part certification but facility qualification

• To understand the difference, we first need to understand the difference between verification and validation
• Very simplistically:

o Verification: are all the right things in there?

o Validation: are all the things in there, right?

• For example, if assessing a spreadsheet, then:

o verification would involve checking that all required formulas were entered correctly in order to calculate the 

required outputs (i.e. auditing)

o validation would involve checking that the values were calculated correctly, usually by use of specific test 

cases (i.e. testing)



Why certify?

So, in terms of additive manufacturing…

• A qualified facility is one that has been verified as having the necessary equipment, personnel, processes, etc. 
to produce the outputs that they have been qualified for

• Certified materials & parts are the outputs from a qualified facility that have been validated as satisfying the 
requirements of a specific regulation, code, standard or specification

“Qualification is possible without certification 
but certification requires qualification”

• Confusion sometimes arises since a certificate is issued for both certification and qualification - unfortunately, 
there is no such thing as a qualificate!



Project stages

Concept Final part

Physical part

Legal 
requirements

Design requirements

Design & analysis

Manufacture
(build parameters)

Post-processing
Inspection
(DT & NDT)

Assessment of 
material properties

Geometric
inspection

Validation test

QA & final 
certification
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Functional stages for 
certification

Certification

Within each area of activity, the 
tasks can be further sub-divided 
into: People

Process
Product

…and of course, quality control 
needs to be applied throughout 

each functional stage.



Certification

• Aspects of these can be used for AM, 
where relevant

• AM-specific information is not typically 
provided in these standards at the 
moment

• Questions arise, for example:
o What material properties to use?

o Is a design factor required?

o Are existing fatigue curves applicable for AM? 

o Are current inspection techniques capable of 
detecting AM-specific flaws?

o Are AM builds repeatable? What are the causes 
of variation?

Application specific 
standards

Functional stages for 
certification
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Certification

• Fills the gaps within the 
industry standards for AM

• Not many AM-specific 
standards available yet

AM specific 
standards

• Aspects of these can be used for AM, 
where relevant

• AM-specific information is not typically 
provided in these standards at the 
moment

• Questions arise, for example:
o What material properties to use?

o Is a design factor required?

o Are existing fatigue curves applicable for AM? 

o Are current inspection techniques capable of 
detecting AM-specific flaws?

o Are AM builds repeatable? What are the causes 
of variation?

Application specific 
standards

• Used where neither 
industry-specific nor AM-
specific standards are 
available

• Guidance provided by 
Regulator or Inspection 
Authority

Technology 
Qualification

Functional stages for 
certification



API 20S: AM metallic materials for use in the 
petroleum & natural gas industries

• The API 20S Standard is designed to play a crucial role in leveraging Additive 
Manufacturing (AM) to foster innovation in the oil and gas industry and 
encourage a safer, broader, and faster adoption of AM technologies in the 
mainstream oil and gas applications.

• Initial draft is complete and is currently progressing through the review & 
ballot stage:

API Ballot: 5386-API 20S, 1st Edition 

• Ballot closes 24th March 2021

Application-specific 
standards



Application-specific 
standards

ASME BPTCS/BNCS Special Committee

• Charter: to develop a technical baseline to support development of a 
proposed BPTCS standard or guideline addressing the pressure integrity 
governing the construction of pressure retaining equipment by additive 
manufacturing processes. Construction, as used in this Charter, is limited 
to materials, design, fabrication, examination, inspection, and testing.

• This Committee has now produced the final draft of “ASME Criteria for 
Pressure Retaining Metallic Components Using Additive Manufacturing” 
which is currently being balloted (Ballot #21-179). 

• Scope is limited to powder bed fusion (laser and electron beam energy 
sources) at the moment (DED-Arc to follow). 

• Once approved, the criteria will be published as a Pressure Technology 
Book (PTB) and used as a reference document for proposals for AM Code 
Cases or incorporation of AM into construction codes.



Application-specific 
standards

CEN/TC 54: Unfired pressure vessels
• EN 13445 Part 14 has been drafted a new to incorporate requirements for 

pressure components by AM

• Includes sections on:

o Materials (including nominal design stress rules)

o Design & fabrication rules (including documentation & identification)

o Inspection & testing (including Quality Factor for different levels of NDE)

o Separate annexes for different AM processes (e.g. Annex A for powder bed 
fusion; Annex B for direct energy deposition with wire; etc.)

o Each annex further sub-divides by specific material requirements (e.g. B.1 
General requirements for DED-wire; B.2 DED-wire and steel; B.3 DED-wire 
and aluminium; etc.) 



AM-specific standards



AM-specific standards



Certification hierarchy

Certify part for use in known applicationPart

Various under-pinning aspects for 
successful qualification of the facility

Equipment Feedstock Personnel

Material certification is pre-requisite for 
certification of part

In AM, the material is formed at the same 
time as producing the part

Material

Facility
Facility qualification is pre-requisite for 
certification of part and material

This may be an in-house AM facility or could be 
sub-contracted to AM Service Bureau



Certification hierarchy

Why do we need personnel qualifications for AM?
Material specifications require it:
• EN 764-5 (metallic materials for pressure equipment)

• EN 13445-5 (inspection)

Product standards require it:
• EN 13445-1 (unfired pressure vessels - general)

• EN 13445-3 (design)



Certification hierarchy

Why do we need personnel qualifications for AM?
Material specifications require it:
• EN 764-5 (metallic materials for pressure equipment)

• EN 13445-5 (inspection)

Product standards require it:
• EN 13445-1 (unfired pressure vessels - general)

• EN 13445-3 (design)

Additive Manufacturing cannot offer a loophole 
against existing regulations and requirements for 

conventionally-produced materials and parts



Certification 
documentation

Part

Equipment Feedstock Personnel

Material

Facility

What is being manufactured
(i.e. specific to the part, almost regardless of facility)

MANUFACTURING PLAN

How it’s being manufactured
(i.e. specific to the facility, regardless of what is being made)

FACILITY PROCEDURES

Manufacturing 
Plan

Facility 
Procedures

https://www.lr.org/en/latest-news/first-additively-manufactured-part-for-oil-and-gas-certified-by-lr/


Certification 
documentation

Part

Equipment Feedstock Personnel

Material

Facility

What is being manufactured
(i.e. specific to the part, almost regardless of facility)

MANUFACTURING PLAN
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Example AM Route Card Route Card:

Job Number: Part Number: Route Card Date:

Build Number: Description: Client Name:

Operator: Powder ref: Order Quantity:

Machine ref: Powder grade: Build Quantity:

Special 

Instructions:

Operation Date Comments/Stamp

10

20

30

40

50

60

70

80

90

Description

CAD File

Files to be checked and prepared for build (includes stock, supports, etc.)

CAD file translation and sliced (slice files to be checked)

Allocate build number (enter in header)

Powder selection

Identification of powder (check grade matches job)

Take powder sample in accordance with Work Instruction ____________________

Supply powder to AM system

Build

Layer thickness:____________________     Parameter set: ____________________

Platform:____________________                   Blade type: ____________________

Pre-build checks

Refer to standard Work Instruction _____________________________

Post-build checks

Build log _____________________________ saved in document management system

Post-build removal

Removal of base plate/build from machine in accordance with Work Instruction 

_____________________

Post-build inspection

Take powder sample and label

Removal of loose powder in accordance with Work Instruction _________________

Visual inspection for surface defects and cracks (photograph any abnormal features)

Initiate build

Date: ___________________    Time: ___________________ 

End build

Date: ___________________    Time: ___________________ 

Build log reference:  ________________________________
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CHECKS

POWDER & SUPPORT STRUCTURE 
REMOVAL

APPROVED 
CLEANING 

SOLUTIONS
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Plan
Facility 

Procedures

https://www.lr.org/en/latest-news/first-additively-manufactured-part-for-oil-and-gas-certified-by-lr/


Certification 
documentation

Part

Equipment Feedstock Personnel

Material

Facility

MANUFACTURING PLAN

Manufacturing 
Plan
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FACILITY PROCEDURES

https://www.lr.org/en/latest-news/first-additively-manufactured-part-for-oil-and-gas-certified-by-lr/


Certification project



Certification project

• Design Appraisal Document
o Assessment of design against required regulatory, code and/or standards requirements

o Independent calculations and assessment of build layout

o Statement of Endorsement can be issued prior to progressing with build

• Material (powder, wire) certification
o Witnessed material testing

o Inspection report issued (to powder vendor or manufacturer, depending who performs 
the required testing)

• Additive manufacturing facility certification
o Facility audit

o Review of existing approvals, processes & procedures

o Issue AM Quality Scheme Approval Certificate 

• Post-process & inspection facility
o Witnessed material testing

o Material certification (formed material)

o Inspection report issued 

• Part certification
o Limited in scope to the design, material, facility & manufacturing instructions used

o Changes to any part of the process would require re-validation of the part certification



Certification project

• Different organisations within the supply 

chain may perform activities within each 

functional stage

• Specific certification can be provided for 

each stage, which can then reduce the 

effort required for subsequent part design

• Using pre-qualified facilities can enable 

part manufacturers to reduce cost and 

lead times for part certification

Design

Material Supply

AM Build

Post-process

Inspection

Release parts

Design 

verification 

required?

Design 

verification 

in place?

Design Appraisal 

Document
YES NO

NO YES

Certified 

feedstock 

vendor?

Witnessed 

feedstock testing

YES

NO

Certified 

facility?
Facility audit

YES

NO

Witnessed 

material testing*

Part 

certificatio

n required?

Part certificationYES

Material 

certification 

required?

YES

NO

NO

* Witnessing of material 
testing is a prerequisite for 
certified part

Modular approach



Examples of Projects & 
Activities

Suzhou Nuclear Power 
Research Institute
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Aero Engine 
Corporation 

of China

Beijing Institute of 
Aeronautical Materials

AM Part Certification

Knowledge SharingAM Facility Qualification

EOS Singapore Pte Ltd

Consultancy & Training

https://www.lr.org/en/latest-news/additive-manufacturing-jip-expands-with-new-oil-and-gas-partners/
https://3dprint.com/186608/certified-3d-print-part-oil-gas/
https://www.lr.org/en/latest-news/first-additively-manufactured-part-for-oil-and-gas-certified-by-lr/
https://www.ewf.be/additive-manufacturing
https://www.lr.org/en/latest-news/aml-technologies-additive-manufacturing-certified/
https://www.lr.org/en-gb/latest-news/3d-metalforge/
https://www.lr.org/en/latest-news/shell-technology-centre-amsterdam-secures-facility-qualification/
https://www.lr.org/en-in/latest-news/wipro-3d-certification-additive-manufacturing-quality/
https://www.lr.org/en-gb/latest-news/engie-quality-recognition-for-additive-manufacturing-powder-lab-and-facility/
https://www.twi-global.com/media-and-events/press-releases/2020/achieving-code-compliance-in-additive-manufacturing
https://www.lr.org/en/latest-news/lr-qualifies-twi-am-facility/
http://cllaimprojectam.eu/
https://www.lr.org/en/latest-news/lr-holds-additive-manufacturing-workshop-with-keppel/
http://additivemanufacturing.com/2017/03/30/keppel-marine-and-offshore-benefits-from-lloyds-register-workshop-to-map-out-qualification-approach-to-additive-manufacturing/


Thank you!

David Hardacre ǀ david.hardacre@lr.org

Find out more at: www.lr.org/additive-manufacturing


