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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the specification.

This document was produced under APl standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate all or any part
of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 1220 L Street, NW, Washington, DC 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Open Die Shaped Forgings for Use in the Petroleum
and Natural Gas Industry

1 Scope
1.1 Purpose
This API standard specifies requirements for the qualification and production of open die shaped forgings for use in
API service components in the petroleum and natural gas industries when referenced by an applicable equipment
standard or otherwise specified as a requirement for compliance.
1.2 Applicability
This API standard is applicable to equipment used in the oil and natural gas industries where service conditions
warrant the use of individually shaped open die forgings, including rolled rings. Examples include pressure containing
or load bearing components. Forged bar, rolled bar, and forgings from which multiple parts are removed are beyond
the scope of this specification.

1.3 Forging Specification Levels (FSL)

This API standard establishes requirements for four forging specification levels (FSL). These four FSL designations
define different levels of forged product technical, quality and qualification requirements.

2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

API Specification 6A, Twentieth Edition, Specification for Wellhead and Christmas Tree Equipment

ASTM A370 ', Standard Test Methods and Definitions for Mechanical Testing of Steel Products

ASTM A388/A388M, Standard Practice for Ultrasonic Examination of Steel Forgings

ASTM A604, Standard Practice for Macroetch Testing of Consumable Electrode Remelted Steel Bars and Billets
ASTM E10, Standard Test Method for Brinell Hardness Test of Metallic Materials

ASTM E18, Standard Test Method for Rockwell Hardness Test of Metallic Materials

ASTM EA45, Standard Test Method for Determining the Inclusion Content of Steel

ASTM E110, Standard Test Method for Indentation Hardness of Metallic Materials by Portable Hardness Testers
ASTM E112, Standard Test Method for Determining Average Grain Size

ASTM E165, Standard Practice for Liquid Penetrant Examination for General Industry

ASTM E381, Standard Method of Macroetch Testing Steel Bars, Billets, Blooms and Forgings

1 ASTM International, 100 Barr Harbor Drive, West Conshohocken, Pennsylvania 19428, www.astm.org.
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ASTM E428, Standard Practice for Fabrication and Control of Metal, Other than Aluminum, Reference Blocks Used in
Ultrasonic Testing

ASTM E64, Standard Test Method for Dynamic Tear Testing of Metallic Materials
ASTM E709, Standard Guide for Magnetic Particle Testing
ANSI/NCSL Z540.3 2, Requirements for the Calibration of Measuring and Test Equipment

SAE AMS 2750 3, Pyrometry

3 Terms and Definitions

For the purposes of this document, the following definitions apply.
3.1 Terms and Definitions

3.141
acceptance criteria
Defined limits placed on characteristics of materials, processes, products, or services.

3.1.2
as-forged
The condition of a forging as it leaves the forging operation without any subsequent operations.

31.3
bloom/billet
A semi-finished hot rolled, forged or extruded product, with a square, rectangular, or round cross section.

NOTE Bloom and billet can be used interchangeably.

314
calibration
Comparison and adjustment to a standard of known accuracy.

3.1.5
crop/cropping
Removal of the end(s) of ingot, billet, or bloom that may contain primary pipe or other defects.

3.1.6

grain flow

Fiber-like lines appearing on polished and etched sections of forgings caused by orientation of the constituents of the
metal in the direction of working during forging.

31.7
heat
Material originating from a final melt, or for remelted alloys, the material originating from a single remelted ingot.

2 NCSL International, 2995 Wilderness Place, Suite 107, Boulder, Colorado 80301-5404, www.ncsli.org.
3 Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, Pennsylvania 15096-0001, www.sae.org.
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3.1.8

heat treatment

Specified, timed sequence of controlled heating and cooling of materials for the purpose of changing physical or
mechanical properties.

3.1.9

hot work ratio

(forging reduction ratio)

A ratio measuring the change in the cross sectional area during each hot working operation.

EXAMPLE  For other than upset forging, the hot work ratio for a single hot work operation can be calculated using the following
relationship:

A
hot work ratio = — : 1
4;

where
Ar isthe final cross sectional area;

A; is the initial cross sectional area.
For upset forging, the hot work ratio for a single hot work operation can be calculated using the following relationship:

clor—=:1

A
t hot work ratio = =/
l,lpSG Ot WOorK ratio Ai hf

where
Ay is the final cross sectional area;
A; is the initial cross sectional area;
hy is the final forging height;
h; is the initial material height.

The total hot work reduction ratio is defined as the product of the individual reduction ratios achieved at each step in the hot work
operation from ingot cross section to the final hot work cross section. The ingot cross section shall be the cross section of the ingot
obtained after casting or the final remelt step and any ingot grinding or surface preparation prior to the hot working. When the
cross-section of the starting material or forged part varies, the cross-section resulting in the lowest calculated hot work ratio shall
be used.

3.1.10

inclusions

Particles of nonmetallic compounds of metals and impurity elements, such as oxides, sulfides, or silicates, that are
present in ingots and are carried over in wrought products.

311
ingot
A cast product intended for subsequent remelting or hot working by rolling, forging, or extrusion.

3.1.12
ladle refining
Practices used on molten steel in the ladle that are used to adjust and refine the melt chemistry.
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3.1.13
melt practice
Type of process used to produce a heat of metal. Includes the use of equipment for melting and refining.

3.1.14

open die forging

Process where the hot mechanical forming of metals between flat or shaped dies in which metal flow is not
completely restricted.

NOTE 1 The open die forging process uses hammers and presses to shape individual metal parts, usually using repeated
strokes and continuous manipulation. Multiple open die forging operations can be combined to produce the required shape.

NOTE 2 The metal used in open die forging may be reheated several times during the forging process before the final product is
achieved.

3.1.15

prolongation

An extension of metal added to a forging to permit removal and subsequent testing without destroying the forging.
This extension is integrally made during the forging process and removed after final heat treatment.

3.1.16
rolled ring
Circular open die forgings produced on a ring mill.

3.1.17
starting material
The raw material used to produce a forging. Examples are billets, ingots, and blooms.

3.1.18
traceability
The ability to verify the history, location or application of an item by means of documented recorded identification.

3.1.19
wrought structure
A hot worked or forged structure that contains no cast dendritic elements.

3.2 Acronyms and Abbreviations

FSL forging specification level

MPS manufacturing procedure specification
NDE nondestructive examination

QTC qualification test coupon

UNS unified numbering system

4 Qualification
4.1 General

This standard gives the requirements for four forging specification levels (FSLs). The FSLs are numbered in
increasing levels of severity from 1 to 4 in order to reflect increasing technical, quality and qualification criteria. The
subparagraphs in Section 4 describe the conditions which, when met, allow the forging to receive the appropriate FSL
classification level.
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4.2 Qualification Forging

4.2.1 A qualification forging shall be produced, tested and evaluated by the forging supplier in order to establish
qualification for a range of products listed in Table 1. Forgings shall be produced in accordance with a manufacturing
procedure specification, as specified in 5.3. The material group of the qualification forging shall be in accordance with
Table 2. Qualification forgings are to be in their completed forged form, with the addition of any specified rough
machining and full heat treatment to establish the final mechanical properties required of the finished product.
Qualification forgings shall be produced in accordance with the requirements of Section 4, Section 5, and the forging
supplier’s written specification that defines acceptance criteria.

4.2.2 A forging qualified to a specific FSL also qualifies lower FSLs (e.g. FSL-4 qualifies FSL-3, FSL-2, and FSL-1
forgings) within the limitations of Section 4.4.

4.2.3 Repair welding is prohibited on the qualification forging.
4.3 Qualification Forging Evaluation
4.3.1 Visual Examination

4.3.1.1 Visual inspection of the forging shall be performed in accordance with the forging supplier’s procedures for
cracks, laps, seams and other anomalies. Results shall be documented and the material shall be dispositioned.

4.3.1.2 Photographs of the qualification forging in the as forged condition shall be taken to document the
configuration and general appearance.

4.3.2 Hardness Testing

Brinell and/or Rockwell hardness testing shall be performed on the surfaces of the qualification forging in accordance
with ASTM E10, ASTM E110, or ASTM E18 to ensure the forging is within the specified limits. Results shall be
documented.

4.3.3 Nondestructive Examination

4.3.3.1 Surface Examination

4.3.3.1.1 Sampling

All accessible surfaces of each qualification forging shall be examined by liquid-penetrant (PT) or magnetic-particle

(MT) methods after final heat treatment and any machining operations. Forgings may have to be rough machined or
ground in order to facilitate surface NDE.

Table 1—As-forged Weight Range Classes (weight in pounds)

<2500 22500 < 10,000 210,000
FSL-1 One qualification required
FSL-2 One qualification required One qualification required
FSL-3 One qualification required One qualification required One qualification required
FSL-4 Weight not applicable for FSL-4. Each forging shall be individually qualified.
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Table 2—Material Groups

IVcl;atenaI Description Sub-Group Typical Examples/Grades
roup
1A Carbon steels (UNS G1xxxx)
1 Carbon, microalloyed steels 1B Microalloyed (with small addition of V, Nb, Ti, Mo, Zr, or B) steels
(ASTM A909, A921)
2A Cr-Mo-low alloy steels (UNS G41xxx)
2B Ni-Cr-Mo medium carbon alloys (UNS G43xxx)
2 Low alloy steels 2C Cr-Ni-Mo low alloy steels (UNS G86xxx)
2D 21/4Cr-1Mo steel (ASTM A182/A336 Grade F22/UNS K21590), /
9Cr-1Mo steel (ASTM A182 Grade FO/UNS K90941)
2E ASTM A707 Grades (modified)
Austenitic
3A
UNS S31603, S30400
Austenitic, martensitic, and Martensitic
3 martensitic precipitation- 3B
hardening stainless steels 410 SS (UNS 841000), F6NM (UNS 841500, 842400)
ac Precipitation Hardening
17-4PH (UNS S17400), 15-5PH (UNS S15500)
Duplex
4A P
4 Duplex and super duplex UNS S31803, UNS S32205
stainless steels .5 Super Duplex
UNS S31260, S32750, S32760, S39277
5A Solution Annealed
UNS N06625, N08825
5 Nickel based alloys
55 Precipitation Hardening
UNS NO7718, NO7725, N09925, N09935, N09945

4.3.3.1.2 Test Method

All forgings shall be examined in accordance with procedures specified in ASTM E709 (MT) or ASTM E165 (PT). If
any indications are believed to be non-relevant on the basis that they are not associated with a surface rupture (i.e.
magnetic permeability variations, non-metallic stringers), they shall be examined by liquid penetrant surface NDE
methods or removed and re-inspected, to confirm their non-relevancy.

4.3.3.1.3 Acceptance Criteria

The following acceptance criteria shall apply:

a) no relevant indication with a major dimension equal to or greater than 3/16 in. (5 mm);

b) no more than 10 relevant indications in any continuous 6 in.2 (40 cm?) area;

c) four or more relevant indications in a line separated by less than /16 in. (1.6 mm) (edge-to-edge) are
unacceptable;
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4.3.3.2 Volumetric Examination

4.3.3.21 Sampling

As far as practical, the entire volume of each qualification forging shall be ultrasonically examined after heat treatment

for mechanical properties and prior to machining operations that limit effective interpretation of the results of the

examination. For quench-and-tempered products, the volumetric inspection shall be performed after heat treatment

for mechanical properties exclusive of stress-relief treatments or re-tempering to reduce hardness.

4.3.3.2.2 Test Method

All forgings shall be examined by the ultrasonic method in accordance with the flat-bottom-hole procedures specified

in ASTM A388/388M, except that the immersion method may be used, and ASTM E428. Hollow forgings shall be

examined using the angle beam method and acceptance criteria specified in ASTM A388/A388M.

The distance amplitude curve (DAC) shall be based on a /16 in. (1.6 mm) flat-bottom hole for metal thicknesses

through 11/2 in. (38 mm), on a /8 in. (3.2 mm) flat-bottom hole for metal thicknesses from 11/2 in. (38 mm) through

6 in. (150 mm), and on a /4 in. (6.4 mm) flat-bottom hole for metal thicknesses exceeding 6 in. (150 mm).

4.3.3.2.3 Acceptance Criteria

The following acceptance criteria apply:

a) no single indication exceeding reference distance amplitude curve;

b) no multiple indications exceeding 50 % of reference distance amplitude curve. Multiple indications are defined as
two or more indications (each exceeding 50 % of the reference distance amplitude curve) within 1/2 in. (13 mm) of
each other in any direction.

4.3.4 Test Piece

4.3.4.1 Based on the size and complexity of the forging, the qualification forging shall be evaluated using at least
one of the following test pieces:

a) an integral prolongation, at a specified location;
b) a sacrificial forging;
c) aseparately forged QTC representing the largest cross section is permitted for FSL 1 only.

4.3.4.2 When a prolongation is used, it shall remain integrally attached during all heat treatment operations except
stress relief and any re-tempering or re-aging that may be required.

4.3.5 Mechanical Testing
4.3.5.1 Hardness testing shall be performed in accordance with ASTM E10, E110, or E18 on the cross section of

the test piece, traversing the entire cross section in two perpendicular directions, with each traverse consisting of a
minimum 5 points equally spaced across the cross section. Results shall be documented.
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4.3.5.2 Tensile test specimens shall be removed from the test piece and tested in accordance with ASTM A370 at
the following locations:

a) at or near the surface of the forging but not deeper than 11/ in. (31.75 mm);

b) at /4T of the thickest cross section (T is defined as the thickest cross section of the forging in the as heat treated
condition);

c) at the location closest to 1/2T of the heaviest cross section of the forging in the final heat treated condition.

In all locations, as geometry permits, specimens shall be removed in the longitudinal and transverse direction to the
grain flow.

4.3.5.3 Charpy (CVN) impact specimens shall be removed from the 1/4T and 1/2T areas and tested in accordance
with ASTM A370 at a temperature specified by the material specification. In all locations, as long as the geometry
permits, specimens shall be removed in the longitudinal and transverse direction to the grain flow. Results shall be
documented.

4.3.6 Chemical Analysis

4.3.6.1 The forging supplier shall specify the nominal chemical composition, including composition tolerances, of
the material used for the qualification forging.

4.3.6.2 Material composition shall be determined on a heat basis (or on a remelt-ingot basis for remelt-grade
materials) in accordance with a nationally or internationally recognized standard.

4.3.7 Metallographic Examination—Applicable to FSL-3 and FSL-4 only
4.3.71 General

4.3.7.1.1 A metallographic sample shall be removed from 2 locations, surface and 1/4T of the heaviest cross section
of the prolongation or sacrificial forging.

4.3.7.1.2 For Group 1 and Group 2 materials, steel cleanliness shall be determined in accordance with ASTM E45,
Method A, and shall be within the limits shown in Table 3. The results shall be documented.

Table 3—ASTM E45 Method A Inclusion Rating Limits

Inclusion Type Thin Heavy
Type A sulfide 2 112
Type B alumina 2 11/2
Type C silicate 2 112
Type D globular oxide 11/2 11/2

4.3.7.1.3 For Group 1 and Group 2 materials, grain size shall be determined in accordance with ASTM E112 at the
1/4T location. For carbon and low alloy steels the grain size shall be ASTM 5 or finer. For other materials the grain size
shall be appropriate for the alloy. Photomicrographs of grain size shall be taken at 100X.

4.3.7.1.4 For Groups 3 and 5, the microstructure shall be evaluated by techniques appropriate to characterize the
alloy.
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4.3.7.1.5 For Group 4, the microstructure shall be evaluated by techniques appropriate to characterize the alloy.
The micrographic examination shall include a sample taken from the qualification forging and its qualification test
coupon at the same location as specimens taken for mechanical testing. The ferrite content shall be tested in
accordance with ASTM E562. The ferrite content shall be in the range of 35 % to 65 % (volume fraction). Samples
shall be electrolytically etched in either NaOH or KOH, and in such a manner as to provide maximum contrast for
austenite and ferrite phase discrimination. A minimum of 15 fields and 16 points per field shall be used.

4.3.7.1.6 For Group 4, corrosion testing shall be performed in accordance with ASTM G48, method A. A sample
shall be removed from the 1/4T envelope of the heaviest cross section of the prolongation or sacrificial forging. For
Subgroup 4A, the test temp shall be 25° £1° C. For Subgroup 4B, the test temp shall be 50° £1° C. Test duration for
both subgroups shall be 24 hours. Sides of the test specimens shall be ground to a 120 grit finish (or better) with the
edges rounded. The test material shall show no evidence of pitting after 24 hours immersion in the test solution when
examined with a low power magnification (20X) and the maximum weight loss shall be less than 1g/m?2.

4.3.7.2 Macroetch

One full cross section sample shall be macroetched after sample is removed from the prolongation or sacrificial
forging in accordance with ASTM A604 or ASTM E381, as applicable, to show the wrought structure. Acceptance
criteria shall be in accordance with the forging supplier’s written procedure.

4.3.8 Acceptance of the Qualification Forging

4.3.8.1 Results of the examinations specified in Section 4 shall comply with the acceptance criteria specified in the
forging supplier's MPS.

4.3.8.2 Samples failing to meet the acceptance criteria shall be cause for re-evaluation of the processes and
procedures used. A revision of the MPS and requalification is required.

4.4 Limits of Forging Qualifications

Forging qualification variables are shown below in Table 4.

Table 4—Variables of Forging Qualification

Variable FSLA1 FSL2 FSL3 FSL4
Change in material group (Table 2) 441 441 441 441
Change in forging practice that results in lower hot work ratio. 4422 4422 4422
Change in melting/refining practice used for the starting material. 4423 4423 4423
Change in as forged weight class (Table 1) 4424 4424 4424
Change from press/hammer to ring rolling 4425 4425 4425
Increase in the minimum specified strength level above qualified 4432 4432
Change in basic type of forge equipment 4433 4433
Change in immediate post-forge thermal process on forgings 4434
Change in subgroup of materials in Groups 1, 2, 3, 4, 5 (Table 2) 4435 4435
Change in actual melt source used for starting material 4442
Change in specific material grade within a material subgroup (Table 2) 4443
NOTE This table provides a matrix of requirements and may not include all requirements and should be used as a reference only.
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441 FSL-1

A change in material group as shown in Table 2 from the forging that was previously qualified requires requalification
of the forging.

442 FSL-2
4.4.2.1 Qualification requirements specified for FSL-1 are required for FSL-2.

4.4.2.2 A change to the forging practice resulting in a lower hot work ratio than that used to produce the qualification
forging requires a requalification.

4.4.2.3 Any change in the melt practice used to qualify the forging requires a requalification.

4.4.2.4 A change in the as-forged weight range class as shown in Table 1 from the forging that was previously
qualified requires requalification of the forging.

4.4.2.5 A change from press or hammer equipment to a ring rolling process.

443 FSL-3

4.4.3.1 CQualification requirements specified for FSL-1 and FSL-2 are required for FSL-3.

4.43.2 An increase in the minimum specified yield strength or minimum specified tensile strength in accordance
with the applicable design standard above the values qualified for a given material subgroup requires a

requalification.

4.4.3.3 A change in the basic type of forge equipment used (mechanical, press, hammer, ring roller, etc.) from the
forging that was previously qualified requires requalification of the forging.

4.4.3.4 Any change of the subgroup in material groups 1, 2, 3, 4, and 5 from Table 2 requires a requalification.
444 FSL-4
4.4.41 CQualification requirements specified for FSL-1, FSL-2, and FSL-3 are required for FSL-4.

4.44.2 A change in the actual melt source used to supply the starting material from the forging that was previously
qualified requires requalification of the forging.

4.4.4.3 A change in specific material grade within a subgroup requires requalification of the forging (Ex. 4130 and
4140 require separate qualifications).

4.44.4 A change in the immediate post-forge thermal process used from the forging that was previously qualified
requires requalification of the forging.

4.5 Records of Qualification

The following records are required to document the qualification of the forging.

a) Starting material, grade, UNS number, where applicable, heat number, material specification, supplier name,
supplier mill, size, hot work ratio, cut weight, melt practice and ladle refinements, cleanliness, actual chemistry,

minimum/maximum element tolerance, incoming material inspection/evaluation method, MPS revision level, and
qualification number.
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b) Forging parameters: hot work temperature range, description of each forging operation including product
configuration at start and finish of each operation, and hot work ratio for each step, forge equipment used.

c) Post forging parameters: time, temperature, and media of cooling/bake-out, heat treatment specification and
actual times and temperatures, cooling media, heat treatment equipment used.

d) Test records: records of the examination, mechanical testing, and metallographic evaluations as described in
Section 4.

5 Production Forgings

5.1 Qualification of Procurement Sources for Starting Material

5.1.1 Only melt source facilities that are approved by the forging supplier shall be used to supply starting material
such as billet or ingot material. The forging supplier shall have a documented procedure, fully implemented, for
qualifying starting material suppliers for each specific size and grade of starting material. The approval process shall
be based on both a quality assurance and a technical evaluation. The approval process shall establish the
methodology by which the starting material supplier will be evaluated on an ongoing basis to maintain their status as
an approved supplier.

5.1.2 The maintenance of an acceptable quality program, such as an ISO registration, is not sufficient by itself to
satisfy the requirements of 5.1.1. Documented evidence that a starting material supplier has a historical and ongoing
technical capability of producing materials meeting this standard and who has proven, implemented procedures and
capabilities in place to consistently produce acceptable product is a minimum requirement. Options for the technical
approval of a starting material supplier include one or more of the following.

a) Supplier experience over an extended period of time. Demonstration of acceptable experience shall include tests/
inspections, quantity of material received, nonconformance analysis, etc.

b) On-site technical audit at scheduled 3 year intervals. A new supplier shall be subject to an onsite technical audit,
which includes the controls addressed in 5.1.3.

5.1.3 The forging supplier is responsible for ensuring that a starting material supplier has implemented controls
addressing the following for each size and grade of starting material ordered:

— chemistry controls;

— hydrogen controls;

— melting practice controls;

— teeming practice and ingot mold controls;

— hot work practice controls (method of forging, amount of reduction, forging temperature, etc.);
— cooling rate and method controls;

— ingot/billet cropping controls;

— starting material inspection and acceptance criteria (cleanliness requirements, limitations on porosity or
inclusions, grain size, secondary phases, microstructure, macrostructure, etc.) as applicable;

— material contamination controls (e.g. mercury, radioactivity).
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5.2 Material Specifications

5.2.1 Starting material requirements shall be documented in the form of material specifications. Material
specifications shall be developed by the forging supplier or the purchaser. Material specifications shall include as a
minimum:

— material grade, including element chemistry ranges;

— melting practices and ladle refinements;

— acceptable forging reduction range, if applicable;

— acceptable cleanliness level range, as required by applicable FSL;

— acceptable inspection practices and criteria.

5.2.2 The forging supplier shall document acceptance of incoming starting material to the requirements of the
material specification prior to use for production of forgings.

5.3 Manufacturing Procedure Specification (MPS)

The forging supplier shall prepare a manufacturing procedure specification (MPS) to include, as a minimum, the
material specification and the general variables listed in 5.4.1 and the heat treat parameters listed in 5.4.2. As part of
the MPS, the forging steps shall be shown detailing initial and final dimensions during forging for each step of the
forging process. This will also include documentation of the heat or reheat temperature ranges required for each hot
work reduction step in a drawing and written documents.

5.4 Process Control Variables

5.41 General Variables

The following are general process control variables for the production of qualified forgings:

— size of starting material, cut weight and tolerances;

— evaluation process used for incoming material and for determining cropped length of starting material;

— hydrogen flake-control method (bake-out, slow cool, etc.), if applicable;

— hot-working temperature range;

— overall hot work ratio from starting material;

— description of each forging operation, including general product configuration at the beginning and end of each
different type of hot work or forging operation and hot-work ratio for each step;

— acceptable forging equipment for production;
— inspection requirements;

— NDE, if applicable.
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5.4.2 Heat Treat Parameters

The following are heat treat parameters, as applicable:

— furnace loading diagram, orientation and spacing of production parts;

— heat treat times and temperatures for each processing cycle;

— forging configuration and dimensions at time of heat treatment;

— quenching medium and type of agitation (water/polymer, forced, horizontal; or vertical quench, ID/OD, etc.);

— quench medium start and finish temperature and transfer time to quench.

5.5 Forging Production

5.5.1 General

Forgings shall be produced by the open die or ring rolled forging process in accordance with the MPS specified in 5.3.
The overall hot work ratio, as defined in 3.1.9, shall be sufficient to produce a wrought material structure throughout
all sections of the forging. The overall hot-work ratio from starting stock to product shall be greater than or equal to
that specified below for the applicable FSL.

a) FSL-1: 3.0:1

b) FSL-2: 3.0:1

c) FSL-3 4.0

d) FSL-4 4.0:1

5.5.2 Mechanical and Material Testing

The forging supplier shall perform mechanical or material testing of the production forgings as specified in the
purchasing document.

5.6 Inspection, Quality Control, Marking, and Documentation

5.6.1 Calibrations Systems

Inspection, measuring, and testing equipment used for acceptance shall be identified, inspected, calibrated, and
adjusted at specific intervals in accordance with ANSI/NCSL Z540.3 and this standard. Calibration standards shall be
traceable to the applicable national or international standards agency and shall be no less stringent than the
requirements included herein. Inspection, measuring, and testing equipment shall be used only within the calibrated
range. Calibration intervals shall be established based on repeatability and degree of usage.

5.6.2 Furnace Calibration

5.6.2.1 Forging furnaces shall be calibrated in accordance with the forging suppliers written procedures.

5.6.2.2 Heat treatment furnaces shall be calibrated in accordance with recognized international standards such as
API 6A, Annex M, or AMS 2750. Records of furnace calibration shall be maintained.



14 API SPECIFICATION 20B

5.6.3 Visual Inspection

5.6.3.1 Visual inspection of the production forging shall be performed in accordance with the forging supplier’s
procedures for cracks, laps, seams and other anomalies.

5.6.3.2 Results shall be documented and the material shall be dispositioned.
5.6.3.3 Any discontinuities discovered shall be evaluated and the disposition documented.
5.6.4 Nondestructive Examination (NDE)

5.6.4.1 Production forgings shall be capable of meeting the NDE requirements of the applicable API product
specification.

5.6.4.2 NDE shall be performed as specified in the purchasing documents.

5.6.5 Dimensional Inspection

Dimensional inspection shall be performed on forgings produced to this standard. Each forging shall be inspected.
The purchaser shall specify dimensions to be inspected. Acceptance criteria for dimensions shall be as required by
the purchaser’s written specification.

5.7 Repair Welding

Repair welding is not permitted on forgings produced to this specification.

5.8 Traceability

5.8.1 Full traceability of forgings shall be maintained with respect to material heat, MPS with revision level and heat
treatment loads.

5.8.2 Forging qualification records shall be traceable to the MPS with revision level.

5.8.3 Forgings produced to this specification shall be traceable to the applicable forging qualification record.

5.9 Record Retention

The forging supplier shall establish and maintain documented procedures to control all documents and data required
by this standard. Records required by this standard shall be maintained for 10 years. Documents and data may be in
any type of media (hard copy or electronic) and shall be:

a) maintained to demonstrate conformance to specified requirements;

b) legible;

c) retained and readily retrievable;

d) stored in an environment to prevent damage, deterioration, or loss;

e) available and auditable by the user/purchaser.
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5.10 Marking

5.10.1 Each forging shall be marked with the following:

a) forging supplier’s name or mark;

b) part number;

¢) material grade;

d) “API Spec 20B” and FSL;

e) date of manufacture (month and year);

f) heat and heat treat lot number;

g) traceability number;

h) material sub-group;

i) weight range class;

j) qualification record number;

5.10.2 Procurement drawings shall identify where stamping is appropriate. The above marking listed in 5.10.1 shall
be applied using low-stress (dot, vibration, or rounded V) stamps. Conventional sharp V-stamping is acceptable in

low-stress areas, such as the outside diameter of flanges, except as limited in the following.

a) For material group 1 and 2, sharp V-stamping is not permitted in high stress areas unless subsequently stress-
relieved at 1100 °F (590 °C) minimum.

b) For material groups 3, 4, and 5, conventional sharp V-stamping in high-stress areas shall not be permitted unless
agreed with the purchaser.

5.11 Handling, Storage, and Shipping

Forgings shall be packaged for storage or transit in accordance with the written specifications of the forging supplier.



Annex A
(informative)

APl Monogram Program

A.1 Scope

The APl Monogram® is a registered certification mark owned by the American Petroleum Institute (API) and
authorized for licensing by the API Board of Directors. Through the APl Monogram Program, API licenses product
manufacturers to apply the APl Monogram to products which comply with product specifications and have been
manufactured under a quality management system that meets the requirements of APl Q1. APl maintains a
complete, searchable list of all Monogram licensees on the APl Composite List website (www.api.org/compositelist).

The application of the APl Monogram and license number on products constitutes a representation and warranty by
the licensee to APl and to purchasers of the products that, as of the date indicated, the products were manufactured
under a quality management system conforming to the requirements of APl Q1 and that the product conforms in
every detail with the applicable standard(s) or product specification(s). APl Monogram program licenses are issued
only after an on-site audit has verified that an organization has implemented and continually maintained a quality
management system that meets the requirements of APl Q1 and that the resulting products satisfy the requirements
of the applicable API product specification(s) and/or standard(s). Although any manufacturer may claim that its
products meet API product requirements without monogramming them, only manufacturers with a license from API
can apply the APl Monogram to their products.

Together with the requirements of the APl Monogram license agreement, this annex establishes the requirements for
those organizations who wish to voluntarily obtain an API license to provide APl monogrammed products that satisfy
the requirements of the applicable API product specification(s) and/or standard(s) and APl Monogram Program
requirements.

For information on becoming an APl Monogram Licensee, please contact API, Certification Programs, 1220 L Street,
N. W., Washington, DC 20005 or call 202-682-8145 or by email at certification@api.org.

A.2 Normative References

In addition to the referenced standards listed earlier in this document, this annex references the following standard:

API Specification Q1, Specification for Quality Management System Requirements for Manufacturing Organizations
for the Petroleum and Natural Gas Industry

For Licensees under the Monogram Program, the latest version of this document shall be used. The requirements
identified therein are mandatory.

A.3 API Monogram Program: Licensee Responsibilities
A.3.1 Monogram Program Requirements

For all organizations desiring to acquire and maintain a license to use the APl Monogram, conformance with the
following shall be required at all times:

a) the quality management system requirements of APl Q1;
b) the APl Monogram Program requirements of APl Q1, Annex A,
c) the requirements contained in the API product specification(s) to which the organization is licensed;

d) the requirements contained in the APl Monogram Program License Agreement.
16
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A.3.2 Control of the Application and Removal of the APl Monogram
Each licensee shall control the application and removal of the API Monogram in accordance with the following.
a) Products that do not conform to API specified requirements shall not bear the APl Monogram.

b) Each licensee shall develop and maintain an APl Monogram marking procedure that documents the marking/
monogramming requirements specified by this annex and any applicable API product specification(s) and/or
standard(s). The marking procedure shall:

1) define the authority responsible for application and removal of the APl Monogram and license number;
2) define the method(s) used to apply the Monogram and license number;
3) identify the location on the product where the APl Monogram and license number are to be applied,;

4) require the application of the date of manufacture of the product in conjunction with the use of the API
Monogram and license number;

5) require that the date of manufacture, at a minimum, be two digits representing the month and two digits
representing the year (e.g. 05-12 for May 2012) unless otherwise stipulated in the applicable APl product
specification(s) or standard(s); and

6) define the application of all other required APl product specification(s) and/or standard(s) marking
requirements.

c) Only an API licensee shall apply the APl Monogram and its designated license number to APl monogrammable
products.

d) The APl Monogram and license number, when issued, are site-specific and subsequently the APl Monogram shall
only be applied at that site specific licensed facility location.

e) The APl Monogram may be applied at any time appropriate during the production process but shall be removed in
accordance with the licensee’s APl Monogram marking procedure if the product is subsequently found to be out of
conformance with any of the requirements of the applicable API product specification(s) and/or standard(s) and
API Monogram Program.

For certain manufacturing processes or types of products, alternative APl Monogram marking procedures may be
acceptable. Requirements for alternative APl Monogram marking are detailed in the, APl Monogram Program
Alternative Marking of Products License Agreement, available on the APl Monogram Program website at http://
www.api.org/alternative-marking.

A.3.3 Design and Design Documentation

Each licensee and/or applicant for licensing shall maintain current design documentation as identified in API1 Q1 for all
of the applicable products that fall under the scope of each Monogram license. The design document information
shall provide objective evidence that the product design meets the requirements of the applicable and most current
API product specification(s) and/or standard(s). The design documentation shall be made available during API audits
of the facility.

In specific instances, the exclusion of design activities is allowed under the Monogram Program, as detailed in
Advisory # 6, available on APl Monogram Program website at http://www.api.org/advisories.
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A.3.4 Manufacturing Capability

The API Monogram Program is designed to identify facilities that have demonstrated the ability to manufacture
equipment that conforms to API specifications and/or standards. APl may refuse initial licensing or suspend current
licensing based on a facility’s level of manufacturing capability. If APl determines that an additional review is
warranted, APl may perform additional audits (at the organization’s expense) of any subcontractors to ensure their
conformance with the requirements of the applicable API product specification(s) and/or standard(s).

A.3.5 Use of the APl Monogram in Advertising

An API Monogram licensee shall not use the APl Monogram and/or license number on letterheads, buildings or other
structures, websites or in any advertising without an express statement of fact describing the scope of Licensee’s
authorization (license number and product specification). The Licensee should contact API for guidance on the use of
the APl Monogram other than on products.

A.4 Product Marking Requirements
A.4.1 General

These marking requirements shall apply only to those API Licensees wishing to mark applicable products in
conjunction with the requirements of the APl Monogram Program.

A.4.2 Product Specification Identification

Manufacturers shall mark products as specified by the applicable API specifications or standards. Marking shall
include reference to the applicable API specification and/or standard. Unless otherwise specified, reference to the
API specifications and/or standards shall be, as a minimum, “API [Document Number]” (e.g. API 6A, or API 600).
Unless otherwise specified, when space allows, the marking may include use of “Spec” or “Std” as applicable (e.g.
API Spec 6A or API Std 600).

A.4.3 Units

Products shall be marked with units as specified in the API specification and/or standard. If not specified, equipment
shall be marked with U.S. customary (USC) units. Use of dual units [USC units and metric (Sl) units] may be
acceptable, if such units are allowed by the applicable product specification and/or standard.

A.4.4 Nameplates

Nameplates, when applicable, shall be made of a corrosion-resistant material unless otherwise specified by the API
specification and/or standard. Nameplate shall be located as specified by the API specification and/or standard. If the
location is not specified, then the licensee shall develop and maintain a procedure detailing the location to which the

nameplate shall be applied. Nameplates may be attached at any time during the manufacturing process.

The API Monogram and license number shall be marked on the nameplate, in addition to the other product marking
requirements specified by the applicable product specification and/or standard.

A.4.5 License Number

The APl Monogram license number shall not be used unless it is marked in conjunction with the APl Monogram. The
license number shall be used in close proximity to the APl Monogram.
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A.5 API Monogram Program: Nonconformance Reporting

API solicits information on products that are found to be nonconforming with API specified requirements, as well as
field failures (or malfunctions), which are judged to be caused by either specification and/or standard deficiencies or
nonconformities against API specified requirements. Customers are requested to report to API all problems with API
monogrammed products. A nonconformance may be reported using the API Nonconformance Reporting System
available at http://compositelist.api.org/ncr.aspx.




(1]

(2]
[3]
[4]
[5]

Bibliography
ASTM A182, Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged
Fittings, and Valves and Parts for High Temperature Service
ASTM A336, Standard Specification for Alloy Steel Forgings for Pressure and High Temperature Parts
ASTM A707, Standard Specification for Forged Carbon and Alloy Steel Flanges for Low Temperature Service
ASTM A909, Standard Specification for Steel Forgings, Microalloy, for General Industrial Use

ASTM A921, Standard Specification for Steel Bars, Microalloy, Hot Wrought, Special Quality, for Subsequent
Hot Forging

20



EXPLORE

OME MORE

Check out more of API’s certification and training programs, standards, statistics and publications.

API Monogram™ Licensing Program

Sales:  877-562-5187

(Toll-free U.S. and Canada)

(+1) 202-682-8041

(Local and International)
Email:  certification@api.org
Web: www.api.org/monogram

API Quality Registrar (APIQR™)

1SO 9001

ISO/TS 29001
1SO 14001
OHSAS 18001
APl Spec Q1®

e API Spec Q2™

* API Quality Plus™
 Dual Registration

Sales:  877-562-5187

(Toll-free U.S. and Canada)

(+1) 202-682-8041

(Local and International)
Email:  certification@api.org
Web: WWWw.api.org/apiqr

API Training Provider Certification
Program (API TPCP®)

Sales:  877-562-5187
(Toll-free U.S. and Canada)
(+1) 202-682-8041
(Local and International)
Email:  tpcp@api.org
Web: www.api.org/tpep

API Individual Certification
Programs (ICP™)

Sales:  877-562-5187
(Toll-free U.S. and Canada)
(+1) 202-682-8041
(Local and International)
Email:  icp@api.org
Web: www.api.org/icp

API Engine 0il Licensing and
Certification System (EOLCS™)

Sales:  877-562-5187
(Toll-free U.S. and Canada)
(+1) 202-682-8041
(Local and International)

Email:  eolcs@api.org

Web: www.api.org/eolcs

Motor Oil Matters™

Sales:  877-562-5187

(Toll-free U.S. and Canada)

(+1) 202-682-8041

(Local and International)
Email:  motoroilmatters@api.org
Web: www.motoroilmatters.org

API Diesel Exhaust Fluid™
Certification Program

Sales:  877-562-5187
(Toll-free U.S. and Canada)
(+1) 202-682-8041
(Local and International)
Email:  apidef@api.org
Web: www.apidef.org

API Perforator Design™
Registration Program

Sales:  877-562-5187

(Toll-free U.S. and Canada)

(+1) 202-682-8041

(Local and International)
Email:  perfdesign@api.org
Web: www.api.org/perforators

APl WorkSafe™

Sales:  877-562-5187

(Toll-free U.S. and Canada)

(+1) 202-682-8041

(Local and International)
Email:  apiworksafe@api.org
Web: www.api.org/worksafe

API-U®
Sales:

Email:
Web:

877-562-5187

(Toll-free U.S. and Canada)
(+1) 202-682-8041

(Local and International)
training@api.org
Www.api-u.org

APl eMaintenance™

Sales:

Email:
Web:

877-562-5187

(Toll-free U.S. and Canada)
(+1) 202-682-8041

(Local and International)
apiemaint@api.org
www.apiemaintenance.com

API Standards

Sales:

Email:
Web:

API Data™

Sales:

Service:
Email:
Web:

877-562-5187

(Toll-free U.S. and Canada)
(+1) 202-682-8041

(Local and International)
standards@api.org
www.api.org/standards

877-562-5187

(Toll-free U.S. and Canada)
(+1) 202-682-8041

(Local and International)
(+1) 202-682-8042
data@api.org
www.api.org/data

API Publications

Phone:

Fax:
Web:

1-800-854-7179

(Toll-free U.S. and Canada)
(+1) 303-397-7956

(Local and International)
(+1) 303-397-2740
www.api.org/pubs
global.ihs.com



n~l

1220 L Street, NW
Washington, DC 20005-4070
USA

202.682.8000

Additional copies are available through Techstreet

Phone Orders:  1-800-699-9277 (Toll-free in the U.S. and Canada)
734-780-8000 (Local and International)

Fax Orders: 734-780-2046

Online Orders:  www.techstreet.com

Information about API Publications, Programs and Services
is available on the web at www.api.org

Product No. G20B01



	Cover

	Special Notes
	Foreword
	Contents
	1 Scope
	1.1 Purpose
	1.2 Applicability
	1.3 Forging Specification Levels (FSL)

	2 Normative References
	3 Terms and Definitions
	3.1 Terms and Definitions
	3.2 Acronyms and Abbreviations

	4 Qualification
	4.1 General
	4.2 Qualification Forging
	4.3 Qualification Forging Evaluation
	4.4 Limits of Forging Qualifications
	4.5 Records of Qualification

	Tables

	Table 1—As-forged Weight Range Classes (weight in pounds)
	Table 2—Material Groups
	Table 3—ASTM E45 Method A Inclusion Rating Limits
	Table 4—Variables of Forging Qualification

	5 Production Forgings
	5.1 Qualification of Procurement Sources for Starting Material
	5.2 Material Specifications
	5.3 Manufacturing Procedure Specification (MPS)
	5.4 Process Control Variables
	5.5 Forging Production
	5.6 Inspection, Quality Control, Marking, and Documentation
	5.7 Repair Welding
	5.8 Traceability
	5.9 Record Retention
	5.10 Marking
	5.11 Handling, Storage, and Shipping

	Annex A
(informative)
API Monogram Program
	Bibliography


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




