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FOREWORD

This report provides specific criteria completed by the ASME Board on Pressure Technology Codes
Standards (BPTCS)/Board on Nuclear Codes and Standard (BNCS) Special Committee on Use of Addi

and
tive

Manufacturing. These first criteria address the Additive Manufacturing (AM) Powder Bed Fusion Process.
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EXECUTIVE SUMMARY

Recognizing a need to keep pace with rapid advancements in AM technology and AM’s growing acceptance
in industry the ASME BPTCS appointed a project team to evaluate the additive manufacturing technology
as it applies to the construction of pressure equipment in 2015.

The first meeting of the ASME Project Team on Evaluation of Additive Manufacturing for Pressure
Retaining Equipment was held in December 2015. The project team drafted and issued a gap analysis to
the BPTCS in June 2016. The ASME NCS was also evaluating implementation of AM technology and was
partref-the-membership-efthe-ASMEProjeetFeamor-AlM—FoHewingtheroughreview-and-eisedssign of
the gap analysis, a recommendation was made to BPTCS to form a Special Committee on Use of Addjtive
Manufacturing for Pressure Retaining Equipment. The formation of the committee was approved.asa joint
conmittee reporting to both the BPTCS and the BNCS.

The|first meeting of the BPTCS/BNCS Special Committee on Use of Additive Manufactyring for Pressure
Retaining Equipment was held in August 2017. The Special Committee began werk on backgrqund
information needed to support a technical baseline for the development of criteria for.the AM Powder |Bed
Fusjon Process. This report provides the specific criteria completed by theSBPTCS/BNCS Spgcial
Committee on Use of Additive Manufacturing. These first criteria addressdhe AM Powder Bed Fugion
Progess.

Thig additive manufacturing document provides criteria followed by gommentary for the following ar¢as:

Scope

Additive Manufacturing Specification

Materials

Thermal Treatment

Powder Requirements

Additive Manufacturing Design Reguirements
Additive Manufacturing Procedure

Additive Manufacturing Rrgeedure Qualification
Qualification Testing©f;Additive Manufactured Components
Production Builg-€ycles

Chemical Composition Testing

Mechanieal Property Testing

Metallographic Evaluation

tn-Process Monitoring

Qualitv. Proaram
GHEHEY gfa

e Records
e Definitions

e Referenced Standards
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Description of the Powder Bed Fusion Additive Manufacturing Process

The build process begins by placing a baseplate into the machine. The printed component is constructed
on this plate. The plate serves as a method of securing the component during printing, a method of
preventing warping of the component, and a path for the removal of heat during the build process. The
build chamber is sealed and is either purged and backfilled with an inert gas such as argon when using a
laser energy source, or is left with a vacuum when using an electron-beam energy source. A thin layer of
powder on the order of 100um is deposited. Then, the energy source selectively melts specified areas of
the powder in a prescribed geometry conforming to the component being manufactured.

At the completion of the layer, the fabricated portion of the component and the build plate are lowered,|and
another layer of powder is deposited. This process is repeated through the build until the full . compopent
height has been accomplished. At the end of the build, the component and build plate are extracted from
the machine for thermal treatment and post processing.

Vi
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1 SCOPE

(a) These criteria address the construction of pressure retaining component using the AM Powder
Fusion process using both Laser and Electron Beam energy sources.

Bed

(b) Additively Manufactured components shall meet the requirements of the applicable ASME

Construction Code or Standard in addition to these criteria.

(c) Hybrid construction incorporating AM components joined (welded or brazed) to hon-AM compon
is acceptable. Additive manufactured components joined to other AM components or_fon-

(d) [The maximum design temperature shall be at least 50°F (25°C) colder than the temperature where t
dependent material properties begin to govern for the equivalent wrought ASME mateérial specifical
as indicated in ASME Section Il, Part D [1].

(e) [The materials allowed for use in powder bed fusion under these criteria include:
1) austenitic stainless-steel alloys; and

2) nonferrous alloys

Commentary

Thelcriteria provided in this Pressure Technology Book (PTB) address the construction of pressure retai
conmjponents by means of the AM Powder Bed Fusion process (PBF) using both Laser and Electron B
eneljgy sources.

When additively manufacturing components, these'criteria are intended to be used with an existing AS
Conpstruction Code or Standard. This PTB provVides criteria to address the additional information neceg
to sphpplement construction code requirements for materials, design, fabrication, examination, inspec
testing and quality control. These supplementary criteria are essential for any proposed standard or
actipn for the construction of metallic pressure retaining components using powder bed fusion.

components shall follow the requirements of the applicable ASME Construction Code or Standarg.

ents
AM

me-
on,

ning
eam
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The| AM process is not intended for the manufacture of pressure components when traditipnal

marjufacturing methods will provide a cost and efficiency advantage. AM has advantage in the fabrica
of cpmplex components and applications with high-cost materials. AM provides a cost advantage W
ractive manufacturing-processes result in large amounts of material waste. AM also provides sche

loping for replacement components in the nuclear industry where the plant operating basis req
ific replacement parts. AM provides a manufacturing method to fabricate components to the de

ire theinstallation of AM components into both existing systems and new construction. The cri

tion
hen
Hule
M is
ires
5ign
will
eria
AM

hybrid construction incorporating AM components joined (welded or brazed) to non-

conponet tS:

The ASME AM Special Committee did not investigate data for AM components operating in the material

creep regime. Creep data were discussed but sufficient material property data was not available to ac

cept

AM components operating at elevated temperature in the scope of the current AM criteria. The maximum
design temperature is limited to at least 50°F (25°C) colder than the temperature where time-dependent
material properties begin to govern for the equivalent wrought ASME material specification, as indicated

by the T-Notes in ASME Section Il, Part D [1].
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The current criteria limit the materials that can be used for the AM Powder bed fusion process to austenitic
stainless steels and nonferrous alloys. Current toughness requirements in ASME Codes allow many
exemptions to toughness testing that are experienced based. The restriction on the materials addresses
concerns with the lack of service experience with additively manufactured components by limiting
materials to alloys that do not have a marked ductile-brittle transition behavior.
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2 ADDITIVE MANUFACTURING SPECIFICATION

(a) The Additive Manufacturer shall prepare an Additive Manufacturing Specification that provides all
requirements and references to all construction documents for a component build including, but not
limited to:

(1) The governing Construction Code or Standard

(2) The Design Report

3) File names with current revision for all model data describing the geometry of the compénent
needed to build the physical component

4) The applicable Material Specification
5) The Powder Specification

6) The applicable ASME Construction Code or Standard Nondestructiyve Evaluation and Testing
Requirements

7) Post-Processing Requirements
8) Thermal Treatment Requirements
9) All supplemental requirements identified by the Additive Manufacturer or the user.

10) Any supplemental examination requirements:identified by the Additive Manufacturer or the user
in addition to the requirements of the ASME Construction Code or Standard.

(b) [The Additive Manufacturing Specification shall be included in the Additive Manufactufer’s
Construction Records.

Commentary

The| Additive Manufacturer is-required to prepare an Additive Manufacturing Specification that provides
all requirements and reference-to all construction documents for a component. The AM Specificgtion
provides all the required-information needed to start the AM procedure development and procedure|and
conponent qualificationy— At this point in the AM component development the component design is
conplete.

Thel AM process_is dependent on the use and control of digital files. The revision and quality comtrol
reguirements,of all digital files are included within the AM Specification.

All [required thermal treatment and post processing of the AM components are identified in the |JAM
Spegifieation. Since the final thermal treatment is required to meet the ASME identified matgrial
speciTication, thermal treatment 15 addressed separately In Section 4 of this Criteria. POSt processing In these
AM criteria are limited to the manufacturing steps needed to achieve the final desired surface properties
and surface finish, such as surface treatments, machining and grinding.

All supplemental requirements to these AM criteria are specified by the Additive Manufacturer, or by the
AM component user, and identified in the AM Specification. ASME construction codes allow options for
nondestructive examination (NDE) of a component. The NDE specific to the AM component build is
identified in the Additive Manufacturing Specification. Any additional NDE required by the Additive
Manufacturer or the user is identified in the AM Specification. ASME has updated ASME BPV Section V
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Nondestructive Examination to include requirements for Computed Tomography (CT) to aid in the
examination of AM components. CT examination should be considered when 100% volumetric
examination is needed for an AM component. Any additional test specimens required for any specific
material testing, such as corrosion coupons, are identified in the Additive Manufacturing Specification.
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3 MATERIALS

(a) For the purpose of these criteria, Material is defined as an additively manufactured component meeting
the requirements of the ASME material specification.

(b) The Additive Manufacturer shall select a listed wrought ASME material specification from ASME
BPVC Section Il for the component material. The selected ASME material specification shall be
identified in the Additive Manufacturing Specification. In the remainder of this document, the selected
material specification is identified as the ASME material specification.

(c) [The requirements for chemical composition, grain size (where applicable), hardness, final heat
treatment and mechanical properties shall be identical to the requirements of the ASME-matgrial
specification.

(d) When a material does not meet a wrought material specification in ASME Sectior’Il, the Add|tive
Manufacturer may request approval of a new material from ASME in accordancewith the requirements
of Appendix 5 of ASME BPVC Section I, Part D [1].

(e) JAIl material processing and testing shall meet the requirements of>the Additive Manufacturing
Specification and these criteria.

Commentary

The| material for the AM component is the additively manufactured component in its final heat-trejated
conglition. The Additive Manufacturer shall select a listed wrought ASME material specification from
ASME BPVC Section Il for the AM component material{,The selected ASME material specification ghall
be ifentified in the Additive Manufacturing Specification. The AM Committee reviewed data generpted
by several additive manufacturers and determined.that AM component properties are appropriate to meet
wropght specifications [2] when the additive manufacturer has achieved control of the AM process thrqugh
rigopous qualification testing (see Section 8). Specifying the use of wrought material for AM compopent
material follows the same direction used for the recent additions to ASME Code for components
marjufactured using powder metallurgy/hot isostatic pressing technology. The AM material shall meef the
ASME material specification requirements for chemical composition, grain size, hardness, final heat
treafment and mechanical properties. When a material for use in an AM build does not meet a wropight
material specification in ASME-Section Il, the Additive Manufacturer may request approval of a pew
material from ASME in accordance with the requirements of ASME Section I, Part D, Appendix 5 [1]| As
add{tive manufacturing.(becomes more common, the need will exist for new material with thefmal
treafments optimized for'the powder bed fusion process, and thus, new materials will be needed for Gode
application.
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4 THERMAL TREATMENT

(@) The final heat treatment of the AM material shall be that specified in the ASME material specification.

(b) Additional intermediate thermal treatment is acceptable. Intermediate thermal treatment may include

stress relief, hot isostatic pressing or other thermal processing.

(c) When intermediate thermal treatment is performed, ASTM F3301 [3] may be used as guidance.

(d) When hot isostatic pressing Is performed, recognized standards such ASTM A988 [4] or ASTM A

[5] may be used as guidance.

(€)

SME material specification.

Commentary

The| AM component is required to have the identical final heat treatment requitements applied to the

component as specified for the ASME material specification. Additional intermediate thermal treatn
such as hot isostatic pressing (HIP) is acceptable, but is not required by thecriteria. The ASME AM Sp¢
Committee reviewed data that compared material properties for material receiving an intermediate

thermal treatment to material that had not received a HIP treatment,~ The data supports applying a
thermal treatment to improve the material properties by reducingdefects through densification, but id
always necessary to meet the properties of the material specification. Depending upon the material
builf microstructure, type and size of defect, HIP does not,always improve material properties. The

alsol showed that applying a HIP thermal treatment willnot account for a lack of rigorous AM pro
control prior to starting production builds. The emphasis in these AM criteria is achieving and maintai
progess control during the AM builds. The criteria;provide guidance for specifying the requirement for
and|other intermediate thermal treatments in Section 4 when these processes are specified in the

Spetification (Section 2).

Il material testing shall be performed on material specimens in the final heat-treated condition of

080

the

puilt
hent
pcial
HIP
HIP

not

as-
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HIP
AM
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5

POWDER REQUIREMENTS

(&) The Additive Manufacturer shall provide a Powder Specification for each powder batch to the Powder
Supplier. As a minimum, the Powder Specification shall specify all pertinent powder characteristics,
properties, and processing steps necessary to ensure the final product meets the ASME material

(b)
(©)

(d)

(€)

()

(9)
(h)

)

(k)

specification requirements.

The test methods prescribed in ISO/ASTM 52907 [6] should be used for powder characterization.

The Powder Specification shall include tolerance limits for all powder properties, pou
manufacturing process conditions and acceptable values for test results.

Powder particles shall be fabricated from source material which matches the alloy composition o
IASME material specification.

The powder specification shall include, but is not limited to the following requifements:

1) Chemical composition

2) Density

3) Flowability

4) Particle size distribution

5) Particle morphology

6) Powder processing requirements

7) Storage and transport requirements

[The Powder Supplier shall provide\acertified report to the Additive Manufacturer confirming tha
powder conforms to the Additive Manufacturer’s Powder Specification. The report shall includ
test data.

The Powder Supplier téstyreport shall be included in the Additive Manufacturer’s construction recq
The Additive Manufacturer may blend multiple powder batches together to create a new batch.

Each powder batch shall conform to the Powder Specification requirements prior to blending.

The Additive Manufacturer may blend used powder conforming to the Powder Specification into
powder meeting the Powder Specification to form a new powder batch unless restricted [

vder

the

the
E all

rds.

any
y a

supplementary requirement.

Powder test reports and traceability recodes for used powder batches shall be included in the Additive

Manufacturer’s construction records.
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Commentary

The Additive Manufacturer is required to prepare a Powder Specification for all AM builds. The Powder
Specification shall specify all pertinent powder properties data and powder processing requirements
necessary to ensure the material meets the requirement of the ASME material specification following
additive processing. The powder specification shall include acceptance criteria for all required testing. The
test methods provided in ISO/ASTM 52907 [6] are recommended for all testing, but it is recognized that
other testing criteria may be used. The criteria prescribe a minimum set of tests to be performed, but the
Additive Manufacturer may require additional testing as deemed necessary for the specific AM component
congtruction.

Thelcriteria allow for reuse of powder when the blended batch of used powder meets all testing requirements
in the powder specification identified in the AM Specification.

The| AM criteria for powder do not allow the use of elemental powders to be blended t@ the composition
proportions identified in the material specification. The powder particles are to individually represent the
alloy composition of the ASME material specification to limit or eliminate the<potential risk of an
inhgmogeneous composition that could be experienced when mixing elemental powders.

The| Powder Supplier is required to provide a certified test report to thec-Additive Manufacturer which
confirms that the powder conforms to the Powder Specification.
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6 ADDITIVE MANUFACTURING DESIGN REQUIREMENTS

(@) In addition to the design requirements of the ASME Construction Code or Standard, the design
requirements in 6(b) through 6(g) apply for components produced using the powder bed fusion AM
process.

(b) Any material produced during the AM build that is specified as cosmetic material shall not be credited
as load bearing material in the stress analysis.

(c) [Fatigue-critical surfaces shall be designed to be accessible for liquid penetrant examination.

(d) [Surfaces interfacing with sacrificial supports shall be fully accessible for removal of supports and for
liquid penetrant examination.

(e) [The effect of any support that will not be removed following the AM build shall be included irf the
stress analysis.

(f) [Supports that are credited as load bearing in the stress analysis shall meetalkrelevant criteria identjfied
in this document.

(9) |A design report is required for all additively manufactured compenents.

6.1 Commentary

The|design requirements for AM components follow the requirements in the applicable ASME Construgtion
Code or Standard. The criteria require that each componenthas a design report. ASME BPV Code Sedtion
111 gnd Section VIII, Division 2 have requirements for.the content of a design report and can be appliedl for
nuclear and non-nuclear applications, respectively.©@When the governing Construction Code or Stanfglard
applicable to the AM component does not have. specific requirements for a design report the requirement
in Section VIII, Division 2 are recommended for design. The Section VIII, Division 2 rules in Part 4{and
Part)5 are acceptable for design as applicable: Since many of the AM components will have a significgntly
conplex geometry, the rules of Section V11l Division 2, Part 5 are the most applicable for AM design for
nontnuclear applications. The detailed stress analysis requirement in Section VIII, Division 2, Part 5falso
allos for identification of the areas of high stress and fatigue critical areas in a component necessary for
use jn determining the locatiormrafrequired test specimens specified in Section 9 and direct NDE.

Thel AM build process requires that support structures be integrated into the build to provide supporf for
overhanging sections ef\the component that occur above the build plate. The integral supports also sprve
to rgstrain the geometry against deflections caused by residual stresses that are generated during the build.
Thepe supports canbe either sacrificial or permanent. Component surfaces interfacing with sacrifjcial
supports need to-be fully accessible for removal of supports and for liquid penetrant examination. [The
examination.ofthese locations ensure that an unevaluated stress riser does not affect the structural integrity
of the component. The effect of possible stress risers from any support that will not be removed following
the AM.build is required to be evaluated during the component stress analysis. Any material in a permahent

. ) . > tdd in

SUppo a ectetasToactoeta v anary 0 0 ereva IV c

this report.

The surfaces of an AM component can be constructed with machine parameters to optimize dimensional
tolerances and surface finish. These surfaces are defined as cosmetic material. Specifically, cosmetic
material is material produced by process parameters that are not represented by qualification or witness
specimen test results. When performing a stress analysis for an AM component, cosmetic material is not
credited as load bearing material in the stress analysis. The cosmetic layer is addressed in the same manner
as for material added for corrosion or mechanical allowance in the ASME construction code.
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7 ADDITIVE MANUFACTURING PROCEDURE
(&) The Additive Manufacturer shall prepare an Additive Manufacturing Procedure.
(b) The AM Procedure shall address applicable process variables shown in Table 7-1 and include any

required tolerance limits for process variables. The Additive Manufacturer may include additional
process variables.

(c) The requirements for Full, Partial, and Design Procedure Qualification based on a change in a process
variable are prescribed in Table 7-1.

(d) (Criteria for Full, Partial, and Design procedure qualification are defined in Table 7-2.
(e) [Full Qualification is required for any new Additive Manufacturing Procedure.
(f) |Design requalification of the component is required when:

1) a change in cosmetic material thickness results in a reduction eftstructural material in| the
component, and

2) achange in support material credited as load bearing results,ina reduction of structural matgrial
or an increased stress concentration.

(g) The Additive Manufacturing Procedure shall be included in the Additive Manufacturer’s construdtion
recdrds.

10
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Table 7-1: Process Variables for Laser and Electron Beam Powder Bed Fusion Processes

Process Variable

Energy Source

Laser Beam

\ Electron Beam

Powder (Feedstock)

Powder Specification

I

Material Parameters

Qualified Tensile Specimen Thickness Range

|F

M

hchine

Machine Location

Machine Manufacturer

Machine Model

Machine Serial Number

Machine Software Version

Machine Essential Components

T|T0| 0| M|T| O

Bdild Chamber

Build Platform Preheat Temperature

Sh

ielding Gas Composition

Sh

jelding Gas Flow Rate

mT|(T| o

Vdcuum Pressure

T

Build Chamber Essential Component

o

o

Hdat Source Characteristics

Heat Input/Power Input

Pu

Ise Characteristics

Pu

Ising

m|{m|m

Prgheating by Beam Splitting

Fo

Cus Settings

Bepm Diameter

Po

sition of Beam Diameter Relative to Feedstock Layer

m|{T|m

m| MM m|{m|mm

Deposition Characteristics

Tr

hvel Speed

S

(@)

hn Strategy (Applied Pattern, Rotation)

Adjacent Weld-Vector Spacing (Hatch)

Maximum Length of Weld Vector (Stripe Width)

Programmed Process Layer Thickness

Casmetic Parameter Thickness on Final Component Surface

g|mmim|m|m

oMM m|m|m

Post-BUitd Thermal Treatment 7 PTOCESSINg

Po

st-Build Cooldown Procedure

T

Po

st-Build Thermal Treatment

T

General Notes:

D = design requalification
F = full procedure qualification
P = partial procedure qualification

11
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Table 7-2: Procedure Qualification Criteria

Commentary

The
Man

371, the SAE-AMS7003, and AWS D20.1 [7] in the development of that AM ‘manufacturing proced
When determining the list of Process Variables provided in Table 7-1 the AM"Special Committee rd
ily on the variables provided in AWS D20.1 [7]. American Welding Society standards are yised

hea
exte

[7] vas the most relevant list reviewed. The list of variables was-fviodified to better integrate with
doctiment. The AM Procedure shall address applicable process variables shown in Table 7-1 and inc

any
AM
mar
Add

are puilt to provide different levels of control, and’,Some machine variables are preset by the mac

mar

development. The intent is that the Additive Manufacturer specifies the variables required to achieve
maiptain control process throughout a build-Cycle. Unlike the essential variables used in an ASME wel

prog
pro

The
qua
part

Quialification Level Criteria
Completion of all requirements of Section 8 and
Full (F) Section 9.
. Completion of 1 qualification build in accordance
Partial (P) with Section 8 for 1 powder batch.
Design (D) Completion of all requirements of Section 9.

ASME AM Committee evaluated existing standards when developing the requirements for the Add
ufacturing Procedure. The recommendation from that review supported using NASA MSFC-SP

nsively in ASME codes and standards for welding variables, and the list of variables in AWS D

required tolerance limits for process variables. It is recognized that because there is no standarg
machine manufacturers to provide consistent names\for process variables, a specific add
ufacturing procedure may specify process variables different from those identified in Table 7-1.

ufacturer depending on whether the machine is intended for production work or new mat

edure, the AM build cycle relies o the results of the inspection and testing of the witness samp
ide the final measure of companent quality control.

Additive Manufacturing Progedure section of the criteria provides a graded approach to proce

al procedure qualification’is utilized following the start of production builds.

tive
EC-
ure.
lied

P0.1
this
ude

for
tive
The

itive Manufacturer is not required to address all of the process variables in Table 7-1. AM machines

hine
brial
and
ling
e to

jure

ification based on the maturity level of the procedure. The use of the graded approach requiring full or

12
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8 ADDITIVE MANUFACTURING PROCEDURE QUALIFICATION

(a) The Additive Manufacturer shall complete sufficient qualification builds and produce sufficient
material qualification specimens to support with 95% confidence that 99% of the produced material is
in accordance with the ASME material specification. The statistical analysis shall be in accordance
with ASTM E2586 [8].

(b) The qualification builds shall be used by the Additive Manufacturer to define the build envelope within
the build chamber that produces acceptable material.

(c) [The Additive Manufacturer shall identify the locations of limiting material conditions for each engrgy
source as illustrated in Figure 8-1. Figure 8-1 is illustrative only, and is not intended ‘to represgnt a
specific AM machine, specimen geometry or layout. Multiple locations of limiting material condimons
in the built volume may need to be defined depending on the material property of interest (i.e. the tefsile
Strength and toughness may not be minimum at the same location). The limiting material locations
shall address the maximum and minimum material cooling rates and the location of the energy soufces.

@ Tensile
® Toughness
@ Chenmistry/Microstructure

Limiting Material Location
Identified During Procedure Qualification

Figure 8-1: Material Qualification Specimens for Additive Manufacturing Procedure Qualification

(d) The horizontal and vertical material qualification specimens shall be constructed in both the X and Y
coordinates that represent the range of the build volume.

(e) There shall be a minimum of 3 qualification builds, which represent a minimum of 3 powder batches.

13


https://asmenormdoc.com/api2/?name=ASME PTB-13 2021.pdf

ASME PTB-13-2021: Criteria for Pressure Retaining Metallic Components Using Additive Manufacturing

() As a minimum, the locations in Table 8-1 shall include material qualification specimens for each
procedure qualification build. The Additive Manufacturer shall add material qualification specimen
locations as needed to determine the locations of limiting material conditions for the required material

property.

Table 8-1: Locations for Material Qualification Specimens for Procedure Qualification (PQ) Builds

Location Description Minhnum-Samples

PQ1 Region at the beginning of the recoating path 1

PQ2 Region at the end of the recoating path 1
Maximum radial distances each energy source may

PQ3 process for Electron Beam Powder Bed Fusion 2 per Energy Source
Maximum radial distance that each energy source may

PQ4 process in the direction of the shielding gas flowdnlet 1 per Energy Source
for Laser Beam Powder Bed Fusion
Maximum radial distance that each energy solrce may

PQ5 process in the direction of the shielding~gas flow 1 per Energy Source
exhaust for Laser Beam Powder Bed Fusion
Maximum radial distance from eagh energy source

PQ6 where multiple energy sources work cooperatively to 1 per Overlap Zone
produce one qualification sample

PQ7 Minimum radial distance from each energy source 1 per Energy Source
Intermediate focations specified by the Additive

PQ8 Manufacturer 4 per Energy Source

(9) |Vertical tensile specimens shall be designed to allow testing of the total height of the build volume to

(h)

The qualification builds shall provide material qualification specimens at the minimum thick
required‘for the components built to the specific Additive Manufacturing Procedure.

(i)

the maximum.extent possible.

The-minimum wall thickness for any component built to a specific Additive Manufacturing Proce

eSS

jure

shall not be less than the minimum vertical tensile specimen thickness constructed during the
qualification builds.

(1) When toughness testing is required by the ASME construction code or standard, additional material
qualification specimens located within 3/8” (10mm) of the tensile test specimens shall be provided for
the toughness specimens.

14
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(K) The required type of test specimens at each location for each qualification build shall comply with

Table 8-2.

Table 8-2: Required Types of Material Qualification Test for Each Location

Location Tension Tension | Toughness Hardness | Microstructure Composition

Vertical | Horizontal Vertical Chemical

P1-PQ7 X X x 8(1)

x 8(m) X 8(n)

PQS X

(1

(m)

(n)

(0)

(p)

(@)

(r)

(s)

Two metallographic evaluations shall be performed on material qualification specimens for locat]
PQ1-PQ7. One specimen shall be from a region near the bottom of thé-build volume and one speci
shall be from a region near the top of the build volume.

One hardness test shall be performed on a material qualification specimen for each qualification b
in the region having the highest measured tensile strength:

One material qualification specimen shall be provided for chemical composition testing at a locg
determined by the Additive Manufacturer.

When supplemental material testing is required as part of the Additive Manufacturing Specificat
the material for the test specimens shall.be“produced as part of either the initial qualification builg
supplementary qualification builds.

When additional material qualification specimens are required, the material for the specimens sha

The results of the required testing shall be documented in a Procedure Qualification Test Rq
certified by the Additive Manufacturer. The Procedure Qualification Record and the Mac
Qualification Record provided in AWS D20.1 [7] may be used as a guide in completing
Qualification Test Report for the qualification builds.

The Procedure Qualification Test Report shall identify the locations of limiting material condition
each energy source for use in Component Qualification and Production Testing.

located within 3/8 in. (10 mm) of tensile test specimens at locations of limiting material condition$

ons
men

uild

tion

on,
sor

| be

D.
port

hine
the

5 for

The Procedure Qualification Test Report shall identify the variation in material properties acrosd

the

build volume.

(t) The Procedure Qualification Test Report shall be included in the Additive Manufacturer’s construction

records.

15


https://asmenormdoc.com/api2/?name=ASME PTB-13 2021.pdf

ASME PTB-13-2021: Criteria for Pressure Retaining Metallic Components Using Additive Manufacturing

Commentary

The successful application of additive manufacturing requires rigorous qualification testing to achieve
control of the AM Process. The AM Special Committee chose to specify performance-based criteria for
acceptance of the AM procedure qualification. The Additive Manufacturer is required to complete
sufficient qualification builds to produce sufficient material qualification specimens to support with 95%
confidence that 99% of the produced material is in accordance the ASME material specification. The
performance-based criteria were used instead of requiring a specific number of qualification samples. The
performance basis criteria are intended to provide a graded approach to procedure gualification that will
distinguish between the level of experience the additive manufacturer has with a specific AM machine|and
material. A new machine and first use of a material will require more testing than well-characterized [AM
machines and materials.

The|AM Procedure Qualification section lays out specific requirements for sample size, location, and type
of material testing. The criteria require that the minimum wall thickness of an AM component built|to a
spegific Additive Manufacturing Specification shall not be thinner than the minimutn thickness qualified
by the process qualification. To meet the requirements for fracture toughness testinig, thicker test specimens
willlbe required to comply with most applications.

The|Procedure Qualification is required to identify the locations of limiting material conditions for ¢ach
enellgy source for use in Component Qualification and Production Testing: The limiting material locdtion
is ayegion defined by X, Y and Z coordinates within the build voluméd¢hat produces the minimum matgrial
properties relative to the remainder of the processing space. The limiting material locations are requirdd to
be ifentified in the Procedure Qualification Test Report. Industry experience was the primary drivef for
spegifying PQ1-PQS8.

Vertical is the prevalent orientation for material test samples used for testing both tensile properties|and
imphct strength. Material test specimens built in the vektical orientation are the best indication of the eptire
builg history because they capture information framithe majority of build layers. Capturing the layertby-
layer data in qualification and production witness material test samples provide the opportunity to cagture
posgible process upsets that occur during the build cycle. Data has also shown that the limiting toughhess
valyes occur when the failure surface is ariented parallel with the build layers.

Thelintent of Figure 8-1 is to provide an‘illustration of the layout and types of sample needed for proceflure
gualification. Figure 8-1 is illustrative only, not intended to invoke any requirements for how an Add|tive
Manufacturer may conduct procedure qualification builds.
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9 QUALIFICATION TESTING OF ADDITIVE MANUFACTURED COMPONENTS
(a) Fabricated components shall be subjected to qualification testing and shall be designated as Prototype

Components.

(b) The Additive Manufacturer or its representative shall perform the qualification testing of the Prototype

Components.

(c) Prototype Components that are used for qualification testing shall meet the requirements of the Additive

(d) [Prototype Components for qualification testing shall be fabricated and tested to the requiremen
Table 9-1. Prototype Component toughness testing is only required when toughness testing is reqy
by the construction code or standard.

Manufacturing Specification and the specified Additive Manufacturing Procedure.

Table 9-1: Prototype Testing Requirements

s of
ired

Prototype Test Number of Prototypes Fest Criteria
Proof 1 Section 9(0)
Fatigue 2t05 Section 9(p)
Material Properties .
anfl Metallographic Evaluation 1 Sections 12-14
When required, testing is in accordarice
Toughness t with the Construction Code or Standgrd
(e) [Prior to prototype testing, each Prototype Component shall be examined to verify compliance ith
requirements of the applicable ‘-ASME construction code or standard and the Manufacturing
Specification.
(f) JAs a minimum, the lgcation in Table 9-2 shall include material qualification specimens for ¢ach

component qualification build.

Table 9-2: Locations for Material Qualification Specimens for Component Qualification (CQ) Bdild

Locationiq Description Minimum Samples
o1 Llogatlops of I|m|.t|ng mat.g[_lal (_:ondltlons identified 5 per Enerav Source
aurmg the proceadre qualtncatlor
CQ2 Thinnest pressure retaining feature in the component 1
CQs3 Highest stressed location in the component 1
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(g) Material qualification specimens that represent the thinnest pressure retaining feature and highest
stressed location in the component shall be collected from the prototype produced for material property
testing, subject to the following:

(1) When the specimen cannot be collected for the prototype component, material qualification
specimens may be located within 3/8” (10mm) of the prescribed feature.

(2) When the thinnest pressure retaining feature and highest stressed location are at the same location

inthe comnanent _one material aualification snecimen is required
L T 1 1 <

(h) [The required type of test specimens at each location for each qualification build shall comply ith
Table 9-3.

Table 9-3: Required Types of Material Qualification Specimens for Each{[‘ocation

Lpcation | vertical | Horizontal Toughness | Hardness | Microstructure Chemicgl
Tensile Tensile Composition
CQ1 X X
Sections 9(1)
cez X and 9(m) X X X
CQs3 X X

(i) |One metallographic evaluation shall be performed on“naterial qualification specimens for locatjons
CQ1-CQs3.

(1) |One material qualification specimen shall be provided for hardness testing at a location determinefl by
the Additive Manufacturer.

(k) |One material qualification specimensshall be provided for chemical analysis at a location determjned
by the Additive Manufacturer.

(I) When required by the ASME construction code or standard, a prototype shall be fabricated for matgrial
gualification specimens required for toughness testing.

(m)[Toughness test resuits-shall conform to the requirements of the applicable ASME construction code or
standard.

(n) [The results.of the required testing shall be documented in a Component Qualification Test Report which
is certified by the Additive Manufacturer, and included in the Additive Manufacturer’s construdtion
records,

(0) omnanent Hvdrostatic Proof Testing
1 Y )

The following are required for component hydrostatic proof testing:

(1) The component shall be hydrostatically tested by pressurizing at a maximum rate of 70 psi/s (5
bar/s). The test shall be carried out under room temperature conditions.

(2) The proof test pressure and the pressure rise as a function of time shall be recorded during the test.
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(p)

from equation (1):

4.0 S tual S t n
p = Pesign X oo xSt o S [ 1
Proof Test Design Eam S, Spr (t-¢) ( )

Where:

Peroof Test = teSt pressure to be achieved without leakage

(3) The proof test pressure or pressure at failure (burst test) shall be not less than the calculated value

Component Fatigue Testing
The following areqequired for component fatigue testing:

1) The companent shall be subjected to a hydraulic pressure cycle test between a pressure no gre

Ppesign = COmMponent design pressure at room temperature
Eam = efficiency factor based on examination
Eam =1 for Full Volumetric or CT Examination
Eam =0.7 for No Volumetric Examination

Suactual = the maximum actual value of tensile strength determined from the qualification
specimens tested at room temperature from the component prototype builds

Su = specified minimum tensile strength at room temperature

S = maximum allowable stress at room temperature

Sor = maximum allowable stress at design temperature

t = thickness of the component at the weakegst point

¢ = allowance added for corrosion, erosion, and cosmetic material

n = 1 for curved surfaces such as eylinders, spheres, or cones with 2 apex angle < 60°

n = 2 for flat or nearly flat:surfaces, flanges, or cones with % apex angle > 60°

than 10% of design pressure to the design pressure for N pressure cycles as calculated u
equation (2):

N=K,xSLxC 2

ater
5ing

Where:
N = required test cycles
K, = Fatigue design margin = max [Ks*2,2.6]

K, = max [(Ks X Ks), 1.25]
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Kst = Erest Temperature / Epesign Temperatre (Factor for the effect of test temperature)

Kss = max [(1.470 — 0.044 n),1.0) (Factor for the statistical variation in test results)
n = Number of replicate fatigue test (Minimum value = 2)

SL =Service Life (years)

C= rpqnirpd r‘yr‘lpq per year

2) The total number of required test cycles is a function of the number of fatigue tests.
3) The frequency of reversals shall not exceed 0.25 Hz.

4) The temperature on the outside surface of the component shall not exceed 100°F (38°C) during the
test.

5) The test component shall have the same surface finish and thermal-treatment as the produdtion
component.

6) The following parameters shall be recorded for each fatigue-test:
(a) Number of cycles achieving upper cyclic pressure;
(b) Minimum and maximum cyclic pressures;
(c) Cycle frequency;
(d) Test medium used;
(e) Mode of failure if applicable
7) The AM Component shall.withstand N pressurization cycles without failure by burst or leakage.

8) The test shall continue for an additional N pressurization cycles or until the component failg by
leakage or burst.

9) The fatiguedtest-acceptance criteria are provided in Table 9-4.

Table 9-4: Fatigue Test Acceptance Criteria

Component Condition Following Pressure Cycles
Cycles
No Failure Leakage Failure Burst Failure
0-N Complete Cycles N-2N Not Acceptable Not Acceptable
N-2N Acceptable Acceptable Not Acceptable
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Commentary

The component qualification section is the AM criteria which provides assurance that material properties
in the components are comparable to the specimen testing performed for procedure qualification. A single
AM procedure may be used for multiple components, but each component design requires qualification
testing. The component’s qualification criteria require the building of a series of prototype builds
depending on the component service conditions and loading. As a minimum, two prototypes are required,
one for proof testing and one for material property testing. Additional prototypes are required when the
component will require impact testing for low temperature service and when the component is in fatigue
serviice. The component qualification criteria also require the placement and testing of material | test
spegimens to evaluate specific component properties and monitor the limiting material locations.

The|hydrostatic proof testing section is adapted from ASME BPVC Section VIII Division 1-par/ UG-[L01,
and|is included in this document because not all ASME construction codes and standards have requiremnients
for hydrostatic proof testing. When geometrically similar components are being additi¢ely manufactured,
the fequirements for hydrostatic proof testing in UG-101 may be used to limit the required number of tgsts.

Thefe is not sufficient available fatigue data to provide either a new fatigue curve’for AM Material jor a
suffjcient comparison to existing fatigue curves in ASME BPVC Section l1Cer Section VIII, Divisign 2.
Sone of the data reviewed by the AM Special Committee indicates that AM material fatigue data may fall
belgw the existing design fatigue data. Until additional AM fatigue datayis available, and a fatigue clirve
can pe established, the committee recommends cyclic testing for companents in fatigue service. The fatjgue
testing methodology in the AM criteria was adapted from ASME¢Seetion VIII, Division 2.

The| results of the required component qualification testing:'shall be documented in a Compopent
Qualification Test Report.

21


https://asmenormdoc.com/api2/?name=ASME PTB-13 2021.pdf

ASME PTB-13-2021: Criteria for Pressure Retaining Metallic Components Using Additive Manufacturing

10

PRODUCTION BUILD CYCLES

(@) All Production Build Cycles shall comply with the requirements of the Additive Manufacturing
Specification and the qualified Additive Manufacturing Procedure.

(b) Witness specimens shall be constructed and tested with each production build cycle.

(c) One witness specimen from the first and final production build cycle for each production run shall be
provided for chemical analysis at a location determined by the Additive Manufacturer.

(d)

Table 10-1: Production Testing Requirements

The criteria for testing production witness specimens based on the number of production build cy
and tension test results are provided in Table 10-1.

cles

Praoduction
Build
Cycles

Tensile
Test
Results

Full
Witness
Sample
Testing

Table 10-2

Reduced
Witness
Sample Testing
Table 10-3

Regualification

1-10

Conforming

X

Nonconforming

¢ Partialprocedure qualification in accordgnce
with Table 7-2 is required following a
nonconforming tension test result.

o Full witness sample testing shall resume
10 production build cycles.

¢ Reduced witness sample testing may begjn
following 10 production build cycles with
full witness sample testing and all tensiof
test results conforming to the material
specification.

for

11-30

Conforming

Nongonforming

e Partial procedure qualification in accordgnce
with Table 7-2 is required following a
nonconforming tension test result.

¢ Full witness sample testing shall resume
3 production build cycles.

e Reduced witness sample testing may begjn
following 3 production build cycles with|full
witness sample testing and all tension test
results conforming to the material
specification.

for

Conforming

Greater
Than
30

Nonconforming

o Full witness sample testing shall resume for
1 production build cycle.

¢ Reduced witness sample testing may begin
following 1 production build cycle with full
witness sample testing and all tension test
results conforming to the material
specification.
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(e) The criteria for full production witness sample testing are provided in Table 10-2.

Table 10-2: Full Production Witness Sample Testing Criteria

Item Criteria

A vertically oriented witness specimen shall be constructed over the total height of the build

1 volume at a minimum-of 2 locations of Iimifing material conditions determined rhlr'ng
procedure qualification for each energy source.

2 Tension test specimens shall be constructed from all witness specimens.

3 Witness specimens shall be subdivided when required to meet the requirément of ASTM|ES
[9], as illustrated in Figure 10-1.

4 All tension test specimens from each energy source shall be tested to the requirements| of

Section 13.

SUBDIVIDED
TENSILE SPECIMENS

Limiting Material Location
Identified During Procedure Qualification

Figure 10-1: Full Production Witness Sample Testing
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(f) The criteria for reduced production witness sample testing are provided in Table 10-3.

Table 10-3: Reduced Production Witness Sample Testing Criteria

ltem

Criteria

One vertically oriented witness specimen for each energy source shall be constructed to the

height required to capture the limiting material Tocation determined from the data for the Tirst]10
production build cycles for each energy source.

5

A single tension test specimen shall be constructed from each witness specimens asrilustrated in

Figure 10-1.

The location of the single tension test specimen shall be at the limiting location within the witngss
sample identified during the first 10 production build cycles.

The single tension test specimen from each energy source shall %e'tested to the requirementq of
Section 13.

SINGLE
TENSILE SPECIMEN

Limiting Material Location
Identified During Full Production

Witness Sample Testing

Figure 10-2: Reduced Production Withess Sample Testing
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(g) The criteria for requalification and witness sample testing following a nonconforming tension test result
are provided in Table 10-1.

(h) Following any production tension test failure, all components fabricated during the build cycle utilizing
the energy source that produced the nonconforming test specimen shall be dispositioned using the
Additive Manufacturers Quality Control nonconformance process.

(i) The tension test results for all tested witness samples shall be included in the Additive Manufacturer’s
onstruction records.

Commentary

The|quality of component production builds is required to be monitored utilizing witness saniples for ¢ach
production build. The AM criteria provides a graded approach for witness sample testing based or] the
number of production builds completed with all witness sample testing conforming te‘the requirements of
ASIEE material specification. During the first 10 production builds all material*specified for withess

samples is required to be tested. The Additive Manufacturer may evaluate the data-from the first 10 Quild
cycles and identify the single location of limiting material condition per energy.seurce to utilize for redliced
production testing. The criteria provide requirements for full and partial procedure requalification based
on nonconforming tension test sample and the number of build cycles..Following the completion of 30
sucgessful build cycles the process is mature and the nonconforfaing tests should only result from
uns¢heduled maintenance issues.
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11 CHEMICAL COMPOSITION TESTING
(&) Chemical composition testing shall be in accordance with the ASME material specification.

(b) The chemical composition of the specimens shall conform to the ASME material specification.

Commentary
Verification for material chemical composmon is required as specified in Sections 8, 9, and 10. Chemical

nactkbian-tectinaicroaouinrad o oo gt tha A CKALD Natarial Cianifinati oy
COrrrJUJILIUII LLJLIIIU o |u\..|ul|uu W UUIII'JIy VVILII T AAJiIvio vialeriar \J'JL'UIIIUU.LIUII
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12 MECHANICAL PROPERTY TESTING
(@) All room temperature tension testing shall be in accordance with ASTM ES8 [9].

(b) Reporting of tension tests results shall be in accordance with Specification ASTM F2971 [10].

(c) The as-printed surface finish shall be used for testing all tension test specimens less than 0.25 in. (6
mm).

(d) JA machined surface finish may be used for tension test specimens greater than or equal to 0.25_ 1. (6
mm).

(e) JAny material specimens used for tension testing shall be in the final thermal treatment condi{tion
identified in the ASME material specification.

(f) [The as-built length of the material qualification and witness specimens may require subdivision|into
multiple sections for testing.

1) Subdivided tensile specimens shall meet the requirements of ASTM>ES [9].

2) Subdivided toughness specimens shall meet the requirements_of the construction code for Charpy
specimens.

(g) [Hardness testing shall comply with ASTM E10 [11], ASTM E18 [12] or ASTM E92 [13].

(h) [The hardness testing shall be performed on the material qualification specimen in the region of the
location of highest tensile strength. Hardnessitest may be performed on material qualificdtion
specimens generated for other testing. Material qualification specimens are not required solely for
hardness testing.

(i) [The room temperature mechanical properties of the AM material shall conform to the specified matgrial
specification.

(i) Requirements for elevated temperature testing shall be identified as a supplemental requirement in the
Manufacturing Specification.” All elevated temperature specimen testing shall be in accordance ith
ASTM E21 [14].

(k) When the AM Manufacturing Specification requires elevated temperature testing, test data is required
at 100°F (50°C)-above the specific design temperature for the production component or the maximum
temperature\allowed by the applicable ASME code or standard, whichever is lower.

() [The aceeptance criteria for elevated temperature mechanical properties shall be identified in| the
Additive Manufacturing Specification.

Commentary

Verification for mechanical property testing is required as specified in Sections 8, 9, and 10. Chemical
Composition testing is required to comply with the ASME Material Specification, and the testing is required
to be performed to the specified ASTM Standard listed in the AM criteria.

When elevated temperature testing is identified as a supplemental requirement in the Manufacturing
Specification all elevated temperature specimen testing shall be in accordance with ASTM E21 [14]. Test
data is required at 100°F (50°C) above the specific design temperature for the production component or the
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maximum temperature allowed by the applicable ASME code or Standard, whichever is lower. The

acceptance criteria for elevated temperature mechanical properties shall be identified in the Additive
Manufacturing Specification.
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