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1 Scope

This specification covers the supply of chromium-manganese-nickel austenitic stainless steel type
XM-19 (UNS No. S20910, also named FXM-19 in ASTM standards) forgings for the ITER Divertor
Plasma Facing Components.

The supply covers the following items:

a) Manufacture of XM-19 type forgings;

b) Organisation of quality at works. Elaboration of all procedures required for the manufacture,
inspection (including analyses), packaging, storage and delivery. Time schedules and
documentation;

c) Perform all the inspections and tests during and after manufacturing envisaged in this
specification;

d) Storage, packaging and delivery.

2 Referenced Documents

The following Codes and Standards shall be referred. The edition of codes and standards at the date
of Procurement Arrangements enforced shall be used.

Other equivalent national or international codes and standards may be acceptable subject to the 10’s
written acceptance through deviation request. To this aim, the DA shall provide evidence that the
proposed code and standard are equivalent to the corresponding one, which is specified.

2.1 ASTM Standards

A 182/A182M -16a  Specification for Forged or Rolled Alloy steel Pipe Flanges, Forged Fittings,
And Valves And Parts For High-Temperature Service

A 965/A 965M-14  Specification for Steel Forgings, Austenitic, for Pressure and High
Temperature Parts

A 484/A 484M-15  Specification for General Requirements for Stainless and Heat-Resisting Bars,
Billets, and Forgings

A 788/A788M -15  Steel Forgings, General Requirements

A 751-14 Test Methods, Practice, and Terminology for Chemical Analysis of
Steel Products

E112-13 Standard Test Methods for Determining Average Grain Size

E45-13 Standard Test Methods for Determining the Inclusion Content of
Steel

A 262 -15 Standard Practice for Detecting Susceptibility to Intergranular Attack
of Austenitic Stainless Steel

A 370 -15 Test Methods and Definitions for Mechanical Testing of Steel
Products

E 21 -09 Standard Test Methods for Elevated Temperature Tension Tests of Metallic
Materials

A 342 -14 Standard Test Methods for Permeability of Feebly Magnetic Materials

2.2 ANSI/ASNT Standards
CP 106 - 08 Non-destructive Testing - Qualification and certification of personnel
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23 EN Standard

EN 10204:2004 Metallic products: Type of inspection documents

EN 10228-4: 2016  Non-destructive testing of steel forgings, Part 4: Ultrasonic testing of austenitic
and austenitic-ferritic stainless steel forgings

EN 10228-2: 2016 ~ Non-destructive testing of steel forgings, Part 2: Penetrant testing
EN ISO 9712: 2012 Qualification and certification of NDT personnel

3 Ordering Information

It is responsibility of the DA to specify the requirements for the material purchase order.

4 Manufacturing process

The steel shall be made using an electrical furnace or by any other technically equivalent process.

For vacuum application and to meet requirements for chemical composition, structure and inclusion
contents (see 6.3.2) the melting of steel should be completed by a suitable secondary metallurgy
treatment and when required by re-melting step.

Vacuum quality class 1A parts which are machined from austenitic steel and which are of final
thickness less than 5 mm with respect to vacuum boundary, shall be made from cross-forged material
which is Electro-Slag Remelted (ESR) or Vacuum Arc Remelted (VAR).

Supplier shall submit a detailed manufacturing process for information.
Forging ratio shall be greater than 3.

5 Delivery and Heat Treatment

All forgings shall be delivered in the solution-annealed state. Solution annealing heat treatment is
heating at 1060 £15°Cfollowed by water quenching. The thermal cycles shall be reported.

6 Chemical Requirements and Physical Characteristics

6.1 Chemical composition

Chemical composition shall comply with the requirements given in Table 1.

The chemical analysis shall be performed per heat (ladle) and per lot for product analysis. It is

possible to use left over (chutes) or specimens used for mechanical tests. Method of testing — ASTM
A 751.
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Table 1 Chemical composition of XM-19 stainless steel

Elements Content in wt.%
Min. Max.
Fe balance balance
C 0.06 (see Note 1)
Mn 4.0 6.0
Si 1.00
Cr 20.5 23.5
Ni 11.5 13.5
P 0.040
S 0.030
Mo 1.50 3.00
N 0.20 0.40 (see Note 2)
V 0.10 0.30
Nb 0.10 0.30
Ta 0.010
Co 0.050

Note 1: Maximum carbon content should be preferably 0.04% (and not 0.06% as in ASTM
specifications) to reduce the possibility of intergranular corrosion cracking in welded joints;
Note 2: Maximum nitrogen content should be preferably 0.30% (and not 0.40% as in ASTM
specification) to reduce cracking due to nitrogen porous formation.

Definition of lot:

A lot shall comprise parts of similar shape, Diameter (dia), Thickness (e¢) and Cross-section (S) as
defined below:

(dia max.)/(diamin.) < 1.1 (e max.)/(e min.) < 1.1 (S max.)/(S min.) < 1.25

Special case: the dimensions given above do not apply to hollow, circular parts 80 mm thick or less
and weighing 500 kg or less.

A lot shall be limited to 6000 kg. However, each forging with an as-delivered unit weight of more
than 1000 kg shall constitute a lot.

6.2 Ferrite content and magnetic permeability

The ferrite content evaluated using the Schaeffler diagram modified by Pryce and Andrews (Figure
RMC 1341.2, Section 3, RCC-MR 2007) shall be less than or equal to 0.5 %.

One examination per heat shall be performed.

The relative magnetic permeability of the finished forgings shall be measured at room temperature

after solution annealing. The value measured shall be lower than or equal to 1.03) as per a Test
method of ASTM A342-14.
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In case of use permeability meter apparatus (Foerster, Ferromaster, etc.) type and trade mark of
apparatus shall be included in certificate with detailed information about apparatus and calibration.
One test shall be performed per lot. The location of test sample shall be reported.

6.3 Microstructure

Microstructural examination with photographs shall be made perpendicular to the main deformation
direction in an area near the location of specimens taken for mechanical testing. The structure should
be homogeneous.

6.3.1 Grain Size
The microstructural examination to determine grain size is to be in accordance with ASTM E112.
The location of test sample shall be reported. The grain size number shall be equal or greater than 3
for parts with final thickness less than 5 mm and equal or greater than 2 for parts with final thickness
greater than 5 mm.

6.3.2 Non metallic inclusions

Amount and definition shall meet standard ASTM E45-10.

Forgings for parts with final thickness less than Smm , (ESR or VAR remelted, cross forged):
- Microinclusions (indigenous inclusions detectable by microscopical test methods): method D
is applicable. Severity level number shall be at most 1 for types A, B and C and at most 1.5
for D.
- Macroinclusions (exogeneous inclusions from entrapped slag or refractories): they are strictly
forbidden and are cause of rejection for all forgings.

Other forgings (for parts with final thickness greater than 5 mm):

- Microinclusions (indigenous inclusions detectable by microscopical test methods): method D
is applicable. Severity level number shall be at most 2 for types A, B and C and for D. The
tolerance for acceptance may be a half-class above the set limit to the extent of 2% of the
fields counted.

- Macroinclusions (exogeneous inclusions from entrapped slag or refractories): they are strictly
forbidden and are cause of rejection for all forgings.

Test shall be done from one edge of each lot after solution annealing. The location of test sample
shall be reported.

These requirements shall be indicated in the purchase order.

6.4  Intergranular Corrosion

Material shall not be susceptible to intergranular corrosion attack. ASTM A 262 Practice E should be
used to assess for susceptibility to intergranular attack. Material shall be tested after sensitisation
treatment at 675°C, exposure - 1 h after solution annealing.

7 Mechanical Properties

7.1 Tensile Properties
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Tensile test should be performed according to ASTM A 370 and E21 or in accordance with EN
standards. Material shall be in solution annealed heat treated state. The location of test sample shall
be reported.

Results obtained shall meet the requirements given in Table 2.

Table 2 Requirements for tensile properties

Tensile Properties Test temperature
Room 250°C
Temperature
Yield Stress (0.2% ), min 380 MPa 270 MPa
Yield Stress (1% ) For info For info
Ultimate Tensile Strength, min 690 MPa 561 MPa
Total Elongation min. (in 50 mm) 35% For info
Reduction of area, min 55 % For info

If this is not the case and the test specimen has a physical defect (which does not affect the usefulness
of the product) or if unsatisfactory test results are due to incorrect mounting of the specimen or
testing machine malfunction, the test shall be repeated using another specimen. If the results of the
second test are satisfactory, the material shall be accepted.

Where unsatisfactory results cannot be attributed to any above mentioned causes, two retests may be
performed for each unsatisfactory result obtained. The second set of test specimens shall be taken
close to those which were defective. If the results of the retest are satisfactory, the plate shall be
accepted, if not, it shall be rejected.

7.2 Re-treatment

Forgings rejected on the basis of unsatisfactory results for one or more mechanical tests may be
retreated (solution heat treated per Section 5). Re-treatment conditions shall be described in the test
report. No more than one re-treatment shall be allowed.

7.3 Sampling

Test samples shall be cut:
- either from the forging itself
- or from a prolongation or excess material integrally attached to the part, after the part has
undergone solution heat treatment; it shall be appropriately marked.

The size of the test samples shall be such that they can provide enough test specimens for all test and
retests. Insofar as the shape of the parts allows, test specimens shall be cut out in such a way that
their axis is perpendicular to the main forging direction and the distance between the axis and the
nearest treated surface (skin) is:

- 20 mm if thickness is > 40 mm,

- mid-thickness if the thickness is < 40 mm.
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The distance between the test-pertinent area of the test specimen and the other treated surfaces shall
not be less than:

- 40 mm if the thickness is > 40 mm,

- The thickness if this is <40 mm.

If the shape of the parts does not permit this, values as close as possible to those given above shall be
obtained.

Mechanical test samples shall be cut out from one or more forging in a locator, when this is
impossible (for instance, very small parts) and subject to the approval of the Contractor, from a test
bar of the same heat of steel simultaneously treated in the same heat treatment charge. This test bar
shall first have been subjected to forging operations considered to be representative of those
undergone by the parts.

Tests shall be performed on test specimens which were not subjected to heat treatment after sampling.

One series of tests shall be performed per lot for parts weighing 500 kg or less and two series of tests
shall be performed for parts weighing more than 500 kg. A test series shall comprise:

- tension testing at room temperature

- tension testing at high temperature.

Test specimens shall have a circular section. Their normal diameter shall be 10 mm.

8 Dimensional check

The dimensions shall be checked in accordance with the requirements of procurement order or
drawings.

The main dimensions shall be recorded.

The values shall be within the tolerances given in procurement order or drawing.

9 Non-destructive examination
9.1 Visual Examination

Surfaces shall be thoroughly examined during all phases of production and machining to check the
soundness of metal.

The surfaces shall be plane, uniform and free from wrinkles, buckles, blowholes, tears, cracks and
inclusions.

9.2 Ultrasonic Examination

100% of ultrasonic inspection of each product shall be by inspectors qualified in accordance with the
standards ASNT CP106 - 08 or EN ISO 9712: 2012. The procedure in accordance with EN 10228:
Part 4 shall be accepted by the 10. The procedure shall include drawing of the Reference reflector
used in calibration.

The acceptance criteria, which depend on the thickness, shall be those defined in the standard EN
10228-4. The quality class 3 is adopted for standard forgings used for structural application. The
roughness at the UT scanning surfaces shall be reported.
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This examination shall be performed when the profile of the forging permits satisfactory test
performance. It shall be performed in the following order of preference:
- after final machining,
- after heat treatment for mechanical properties, whether subsequent machining is performed or
not.

The entire volume of the part shall be subject to ultrasonic examination. 100% scanning coverage
defined in §12.4 of standard EN 10228-4 shall be performed.

The ranges considered and the acceptance criteria which depends on the thickness of the part
examined, shall be those defined by the standard EN 10228-4 for normal probe. The quality class
shall be adopted.

The details of the ultrasonic inspection will be agreed as part of the supply qualification as a function
of the product. Ultrasonic testing shall be performed in accordance with an approved written
procedure that shall be submitted for approval during qualification. A detailed description of the
Ultrasonic Testing calibration blocks (including types, location sizes and depths of reference
reflectors placed in each of the blocks including a sketch) to ensure the detection levels compliant
with the minimum acceptable flaw shall be included.

9.3  Liquid penetrant examination

100% of liquid penetrant inspection of each product shall be provided in accordance with EN 10228-
2 as well as the requirements specified in the ITER Vacuum Handbook (ITER D 2EZ9UM v2.3)
approved list in ITER Vacuum Handbook - Appendix 4 can be used before dimension stabilization
treatment (heating at 425 °C) of component under conditions. The dye penetrant test shall be
performed by inspectors qualified in accordance with the standards ASNT CP106 - 08 or EN ISO
9712: 2012. The procedure in accordance with EN 10228-2 shall be accepted by the 10. It shall be
demonstrated that the fluids does not continue to outgas after the treatment by applying the following
procedure:

e Produce one sample from each base material on which the fluids will be applied;

e Perform Liquid Dye Penetrant testing on the sample(s);
Apply the relevant cleaning procedure on the sample(s);
Submit the sample(s) to the dimension stabilization treatment;
Handle and pack the sample(s) with care;
Sent the sample(s) to IO for outgassing test.
The requirements pertaining to preparation, cleaning, packaging, labelling, handling and delivery of
samples prior to outgassing rate measurement by the IO can be found in ITER D QUCYDA.
Upon reception, the 10 will provide the outgassing test results within a month. In case of successful
outgassing test, the supplier shall issue a Deviation Request to cover the use of the fluid.

The acceptance criteria shall be in accordance with quality class 3 of EN 10228-2.

10  Repair welding

As a general rule no repairing of defects by welding is accepted for the products.
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11  Summary and frequency of required tests

Table 3 Frequency of tests

Test Frequency of test Comments
Chemical composition 1 test per heat
1 test per lot
Determination of Ferrite content — | 1 test per heat Always calculated using the
evaluation using Schaeffler results of chemical analysis
diagram
Magnetic properties 1 test per lot Samples taken close to
mechanical test specimens
Photographs 1 test per lot Samples taken close to
mechanical test specimens
Grain size 1 test per lot Samples taken close to
Structure . .
mechanical test specimens
Non-metallic 1 test per lot Samples taken close to
inclusions mechanical test specimens
Intergranular corrosion 1 test per lot After sensitisation
Surface examination conditions Per each forging -
Liquid penetrant examination Per each forging -
Ultrasonic examination Per each forging See specification for details
Dimensional check Per each forging In accordance with drawing
Tensile test Forging’s weight Number of | Frequency of
(w) tests test
Test temperature — room T 1
Test temperature — 250°C w=500kg 1 el
Test temperature — room T 2
Test temperature — 250°C e S 2 sl

12 Acceptance

Material Test Reports have to be provided to the Purchaser prior to delivery. Material and
certification shall be in compliance with this specification. Material cannot be accepted if it does not
comply with this specification.

13 Documentation

The Supplier shall provide the Inspection Certificate type 3.1 in accordance with EN 10204, which
include at least the following information:

- Material designation and marking.

- The heat number and definition of product.
- Identification of Supplier.
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- Identification of order.

- Melting process method.

- Mill product manufacturing method

- Dimensional check

- Record of heat treatment.

- Result of chemical analysis.

- Ferrite content and magnetic permeability

- Records of microstructure examination and grain size.

- Record of non-metallic inclusion examination.

- Record of intergranular corrosion tests.

- Results of mechanical property tests.

- Indication from where the specimens have been taken for all specified analysis.
- Results of all analysis and inspections that should be done according this specification.
- Records of non-destruction examinations.

All documents shall be in the English language and all measures shall be given in the metric system
SI. Each document shall be provided as an electronic file in PDF format.

14  Packaging and marking

Each forging shall be legibly identified with the following information. The marking shall be
performed by impression stamping or other acceptable means specified by purchaser.

- Supplier name or symbol

- Grade of material

- Dimensions: thickness, width and length

- Forging number or unique identification number related to quality history
- Heat number

A picture of the marking of each forging shall be included in the material certificate.

The supplier shall ensure that consignments comply with regulatory requirements applicable to
transport and to the country of destination.

Requirements for packaging shall be specified in the purchase order.

Samples delivered with the forging shall be marked in accordance with provisions of the purchaser
order.

15 Quality Assurance Requirements

The Supplier should have an ITER approved QA Program or an ISO 9001 accredited Quality
Assurance System.

The Supplier shall ensure the quality of services meet the requirements. In case of any questions, the
Supplier shall ask for clarification prior to proceeding with the work.
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A list of the documentation associated with the ITER Quality Requirements is given in the table
below.

The suppliers who supply materials that are custom made for this contract shall submit Quality Plan,
Manufacturing and Inspection Plan (MIP) and reports including all required information for the
DA/IO approval. The suppliers who supply materials that are off-the-shelf or production by order,
shall submit reports including all required information for the DA/IO approval.

Table: IO Quality requirements

10 Quality Requirements Associated 10 Quality
Documents
Prior to contract implementation: “Quality Plan” (ITER_D 22MFMW)
= Obtain IO acceptance of a dedicated “Quality Plan”
Prior to start of manufacturing: “Manufacturing and Inspection Plan”
=  Obtain IO acceptance and mark up of a “Manufacturing and (ITER_D 22MDZD)
Inspection Plan (MIP)”

During manufacture:
= Notify IO representatives of any Inspection Points as marked up

on the “MIP”
= Complete the relevant entries in the “MIP” as work progresses.
During contract implementation: “Deviations and Non-Conformances”
= Issue “Deviation Request” and “Non-Conformance Reports” as (ITER_D_22F53X)

necessary

The Supplier shall implement, in compliance with its Quality Assurance System, the monitoring
activities including quality audits and any inspections to verify the compliance with the requirements.

The 10 reserves the right to perform visits to any premises where ITER related work is being
performed.

Documentation developed as the result of this supply shall be retained by the Supplier for a minimum
of 5 years from the completion of this supply.
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