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QUALIFICATION, APPROVAL, AND CONTROL OF PREMIUM-QUALITY FORGINGS 
Alloy Steels and Heat-Treatable Corrosion and Heat Resistant Steels and Alloys 
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1. SCOPE: 

1.1 Purpose: This specification covers the procedures for approval of premium-quality forgings, 
usually serialized, and of the stock from which such forgings are produced, and the controls to be 
exercised in producing the forgings and forging stock. 

2. APPLICABLE DOCUMENTS: The following publications form a part of this specification to the 
e~ent specified herein. The latest issue of Aerospace Material Specifications (AMS) shall apply. 
The applicable issue of other documents shall be as specified in AMS 2350. 

2.1 SAE Publications: Availabie from Society of Automotive Engineers, Inc. , 400 Commonwealth 
Drive, Warrendale, PA 15096. 

2.1. 1 Aerospace Material Specifications: 

AMS 2300 - Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle Insp~ction Procedure 
AMS 2350 - Standards and Test Methods 
AMS 2630 - Ultrasonic Inspection 
AMS 2760 - Heat Treatment, Carbon 9  Low-Alloy, and Specialty Steels 

2. 2 ASTM Publications: Available from American Society for Testing and Materials, 1916 Race Street, 
Philadelphia, PA 19103. 	 • 

ASTM A604 - Macroetch Testing of Consumable Electrode Vacuum-Arc Remelted Steel Bars 
and Billets 

2.3 Government Publications: Available from Commanding Officer, Naval Publications and Forms 
Center, 5801 Tabor Avenue, Philadelphia, PA 19120. 

2. 3. 1 Milita ry Sta.nda rds : 

MIL-STD-163 - Steel Mill Products, Preparation fOr Shipment and Storage 

3. TECHNICAL REQUIREMENTS: 

3.1 Ingot: Shall be produced, by a source approved by purchaser of the forgings, under effective, 
documented controls of all variables of the melting processes to produce, consistently, uniform 
ingots which will yield products meeting the requirements of this specification, the applicable 
material specification, and applicable drawings. 

1.2 Application: Prunarily for highly-stressed parts produced from forgings which require approval 
' 	of the forgings and the stock from which they are made and facets of their production to ensure 

that production lots of forgings are of the same metallurgical quality and are produced by the same 
basic procedures as the forgings and stock originally qualified. Applicable to parts made of alloy 

; 	steels and heat-treatable corrosion and heat resistant steels and alloys and which are subjected 
I 	to rigid inspection sta.nda.rds throughout manufacture from ingot to finished part. 
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5.1. 1 Melting Practice: Shall be as apecified in the applicable material apecification; if not apecified 
therein, steel or alloy ehall be multiple melted using either vacuum arc consumable electrode 
or electroslag practice in the remelt cycle. 	 ' 

3.1. 2 Ingot Molds: Shall be metallurgically clean and free of foreign materials. Molde into which steel 
or alloy is cast shall not have been previously used in casting ingots of leaded or free-machining 
eteels. 

3.1.3 Identification: Each ingot shall be marked with the mill heat number and pouring sequence in such 
a manner that the top and/or bottom is traceable. 

3. 2 Forging Stock: Billete. bars, slabs, and tubes for forging shall be manufactured from ingot produced 
aa in 3.1 and shall be procured only from saurces approved by purchaser of the forginga. Parametera 
shall be established for ing~ot converaion procedurea which will produce stock conforming to the re- 
quirements of 3. 2.1, 3. 2. 2, 3. 2.3, and 3. 2.4. These parametere ehall be monitored and recorded 
on a conttntwus or periodic basis, as agreed upon by purchaser and vendor. Deviarions from estab- 
liahed oontrol factors (See 4.4. 2.1.1) ehall be reported to the purchaser of the atock and his approval 
obta.ined before the stock msy be conaidered acceptable. 

3. 2.1 Macrostructure; Vieual examination of transverse sections of billeta, bare, alabs, and tubes or 
tube roimde, etched in accordance with ASTM A604 in hot hydrochloric acid (1:1) at 160° - 180°F 
(71° _ g2°C), or in other suitable etchant at a temperature appropriate for the alloy, for sufficient 
time to develop a'well-defined macrostructure~ shall show no imperfections, such as pipe, cracks, 
porosity, laps, folda, aegregation, and inclusions, detrimental to usage of the product. Except se 
specified ia 8. 2.1.1, macroatructure ehall be equal to or better than the following macrographs 
in ASTM A6b4 unless other limits are established in the applicable material speclHcation: 

Clase 	 Condition 	 Severity 

Frecklea 	 A 

White Spota 	 B 
Radial Segregation 	B 
Ring Pattern 	 C 

3. 2.1. Z When tubes are produced directly from ingots or large blooms, specimens for macroatructure 
teating may be taken from tubes rather than tube rounds. Macrostructure standsrde for such 
tubes ahall be as agreed upon by purchaser and vendor. 

3. 2. 2 Magnetic Particle Cleanliness: Alloy steels and ferromagnetic corroaion resistant steels ahall meet 
the requirementa of AMS 2300. 	 . 

3. 2. 3 Ultrasouic Soundness: Shall meet the standards specified by the purchaser determined in 
accordance with AMS 2630. 

3. 2. 4 Heat Identification; Each bar, billet, bloom, and tube shall be marked with the mill heat number 
aad ingot number. In addition, each bar, billet, bloom, and tube 4. 0 in. (102 mm) and over in 
nominal diameter or distance between parallel sfdes shall be marked to show the quarter position 
in the ingot, or as apecified by purchaser of the forgings. 

3. 2. 5 The forging vendor shall determine that the stock conforms to the applicable material apecification 
and will yield ac~eptable forgings except that testa~whfch are characteristic of a heat and which are 
conducbed by the forging stock vendor need not be ;repeated by the forging vendor. Vendor shall also 
determine that the stock ie from an approved mill eource. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s2

37
6

https://saenorm.com/api/?name=49618a94b105989cafdf1fcf74bf93a3


~ 

• 

~ 

-3- 

3. 2.5.1 The forging vendor shall obtain complete test reports from the mill on each heat of forging stock; 
the reported results shall be verified in conjunction with quality conformance testing. 

3.3 Forgings: Shall be produced from stock confoxming to 3. 2. Forgings shall be formed to their final 
rough dimensions by one or a combination of the following processes, unless a particular process 
is specified; 

Haxnmer die 
Press die 
Hot upset 
Ring roll 
Mandrel forge 
Extrusion 

3.3. 1 Preproduction Forgings: 

3.3.1.1 Vendor shall establish the forging sequence and other processing procedures, such as heat 
treating and cleaning, suitable for producing premium-quality forgings. These procedures shall 
be documented on operation sheets for the purpose of maintaining consistent practices. The 
operation sheets shall be submitted to the purchaser for approval. 

3.3.1. 2 Vendor sha11 produce one or more preproduction forgings and shall heat treat and test a forging 
or sections thereof to all requirements of the material specification, the drawing, and any 
additional requirements specified by the purchaser. The preproduction forgings shall be pro- 
duced by the practices to be used on production forgings in accordance with the approved operation 
sheets and, unless otherwise specified, may be produced as part of the initial production run. A 
duplicate preproduction forging or the remaining section of such a forging shall be submitted to ~ 

• 	the purchaser for confirmatory testing. 

3.3.1.3 The location(s) from which coupons for mechanical tests are taken and the sections for grain flow 
exa.mination shall be as specified by the purchaser. The vendor shall perform the required tests 
on specimens from these locations. If no locations are specified, vendor shall select repre- 
sentative areas for testing, subject to concurrence of the purchaser. 

3.3.1.4 Flow Pattern Control: Forging stock shall be of such size and dimensions that the work accom- 
plished in foxming to finished shape shall result in approximately unifoxm grain size throughout 
the forging. The techniques employed shall produce a grain flow pattern conforming to the 
structura.l shape of the part and essentially free from both reentrant and sharply-folded flow lines. 

3.3.1.4.1 A forging sha11 be sectioned through areas indicated by the purchaser and the sections suitably 
etched to show the grain flow. Photographs showing the grain flow shall be made of each section 
and the photogra.phs shall be identified so as to be related to the corresponding sections in the 
forging. The grain flow shall conform to the requirements specified by the purchaser and to 
good forging pra.ctice consistent with the shape of the forging. 

3.3.1.5 Heat Treatment: The forging(s) shall be heat treated by the forging vendor, or by a heat treat- 
ment source approved by purchaser of the forgings, to the final condition of the part. If the as- 

• 	forged section size is too large to achieve proper heat treatment response, the forging vendor 
shall, prior to heat treatment, machine the forging(s) to a configuration essentia113~ that in which 
production forgings will be heat treated or machine sections from the forging(s) to simulate the 
maximtun section size in the finished forging. Heat treatment of alloy steels shall be performed 
in accordance with AMS 2760. Heat treatment of corrosion and heat resistant steels and alloys 
shall be performed in equipment meeting the requirements of, and under the controls specified 
in, AMS 2760, using the temperatures, times, and heating and cooling media specified in the ap- 
plicable material specification, on the drawing, or in the purchaser's process specification. 
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:;. 3.1. ti Mecha.nical Properties: Test specimens from the representa,tive forging(s) or forging sections 
shall meet the mecha.nical properties for the part in the final heat treated condition as specified 
in the applicable material specification or on the drawing. Variations from specified properties, 
because of section size or test specimen orientation, shall be as agreed upon by purchaser and 
vendor. 

3.3.1. 7 Harchiess: Hardness surveys shall be made across the heaviest sections through a test forging 
or forging section in the final heat treated conclition, unless otherwise specified. The sections 
prepared as in 3. 3.1. 4.1 may be used for the survey if they meet the criteria of 3. 3.1.5 for 
forging sections. 

.3. 3.1. 8 Microstructure: Specimens shall be taken from the fully heat treated forging at the center of the 
heaviest section and at the surface of the heaviest and thinnest sections and prepared for metal- 
lographic examination. The structure shall be essentially uniform and free from defects and from 
indications of overheating and burning. Photographs of the microstructures shall be submitted to 
the purchaser and any abnormal microstructural conditions identified. These photographs may 
be used to esta.blish standards for production forgings. 

3. 3. 2 Control Factors: A resume of the control factors (See 4. 4. 2.1) established for producing forgings 
of each part number sha11 be submitted with the results of tests on the preproduction forging(s); 
when permitted by purchaser, the resume need not be submitted with the test results but shall be 
kept on file for review by the purchaser. 

3. 3.3 Production Forgings: Shall be produced using the same operations, practices, and control factors 
used on the approved preproduction forgings. 

3.3.3. 1 Production forgings shall not be shipped until the vendor has received from the purchaser written 
approval of the preproduction forging(s), and the processing, unless preshipment approval be 

` 	waived by purchaser. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibilit_y for ~nspection: The forging vendor sha11 supply all sampies and sha11 be responsible 
for performing all required tests. Results of such tests sha.11 be reported to the purchaser as required 
by 4. 7. Purchaser reserves the right to perform such confirmatory testing as he deems necessary to 
ensure that the forgings conform to the requirements of this specification. 

4. 2 Classification of Tests: 

4. 2.1 Acceptance Tests: Tests of forging stock and production forgings to determine conformance to the 
applicable material specification and to any additional requirements specified by the purchaser are 
classified as acceptance tests. 

4. 2. 2 Qualification Tests: Tests of preproduction forgings to determine conformance to all technical re- 
quirements of the applicable material specification, to 3. 3.1 of this specification, and to any addi- 
tiona.l requirements specified by the purchaser are classified as qualification tests. 

4. 2. 2.1 For direct U. S. Military procurement of forgings, substantiating test data and qua.lification test 
forgings shall be submitted to the cognizant qualification agency as directed by the procuring 
activity, the contracting officer, or the request for procurement. 

w 

~ 

4. 3 Sampling: Shall be as follows; a lot shall be all foigings of the same part number or configuration, 
opposite hands being considered one configuration, produced from the same heat of forging stock, 
heated and forged in the same manner, and heat treated in a continuous furnace or in a series of batch- 
type furnace operations with no change in furnace settings or interruption of power. 	 ~ 
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4.3.1 Acceptance Tests• As specified in the material specification and as follows: 

4.3.1.1 Mechanical properties shall be detexmined on each forging or on a prolongation of each forging 
furnished heat treated to the final condition of the part when serialization of forgings is required, 
unless otherwise specified. 

4.3.1.2 Samples shall be taken from the first shipment Of forging stock of each heat to determine ability 
of stock from that heat to yield acceptable forgings and to meet all acceptance test and periodic 
test requirements of the material specification. 

4.3.2 Qualification Tests• As specified in Section 3; tests shall be conducted at the time of the first pro- 
duction of a new forging by a vendor and following any change in configuration of the forging design. 

4.3.3 ;4'[echanical Property Test Specimens: Shall be taken in the locations and directions specified by 
the purchaser. 

4.4 Approval: 

4.4.1 Preproduction forgings and the forging procedure shall be approved by purchaser before forgings 
for production use are supplied. Approval of preproduction forgings shall in no way relieve the 
forging vendor of responsibility for continued conformance to all purchase order requirements. 

4.4. 2 The respective vendors shall establish for forging stock and for forgings of each part number or 
configuration the parameters for the control factors of processing which will yield products meeting 
the respective requirements of this specification and the applicable material specification. These 
shall constitute the approved manufacturing procedures for each product and sha.11 be used for sub- 
sequent production of the product. If any change is necessary in control factors of processing, 
vendor shall submit for reapproval a statement of the proposed changes in processing and, when 
requested, sample product. Production products made by the revised procedure shall not be 
shipped prior to receipt of reapproval. 	• 

4.4. 2.1 Control factors for producing the respective products include, but are not limited to, the 
following: 

4.4.2.1.1 Forging Stock: 

Type of furnace for each melt cycle 
Source and size of ingot from final melt cycle 
Ingot cooling procedure after final melt cycle 
Ingot quality analysis procedure 
Conversion source if not the ingot source 
preparation of ingot for conversion 
Ingot heating procedure 
Cogging and rolling procedures 
Inspection procedures 
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4.4.2.1.2 Forgings: 

8ource of forging stock 	 • 
Type (ingot, bloom, billet, bar, tube), nominal size (cross-sectional area), shape, and 

multiple-weight of forging stock 
Type of forging equipment (press, hammer, ring roll, etc, See 3.3) 
Parting line location 
Sequence and number of operations; changes in which would result in a different cross-sectional 

structure, grain flow, or working of the metal 
Protective atmosphere or coatings, or both 
Therxnal cycling, including preheating temperature, forging temperature range, and heat 

treatment temperatures, times, and methods of cooling 
Cleaning operations (e. g. , chemical descaling, abrasive blasting, etc) 	

~ 
Tnspection procedures 

4.4. 2.1.3 Any of the above control factors of processing considered proprietary by the vendor may be 
assigned a code designation. Each variation in such factors shall be assigned a modi8ed 
code designation. 

4.5 Documentation: 

4.5.1 Maintena.nce of Facilities: Each vendor shall keep records demonstrating that the facilities used 
to produce, control, measure, and test forging stock and forgings during manufacture and inspec- 
tion are properly maintained and are checked for accuracy at sta.ted intervals against recognized 
sta.ndards. 

4. 5. 2 Process Sheets: Each vendor shall prepare and maintain documented instructions defining the 
processing methods and routing in the ma.nufacturing cycle far producing the respective products. 
Separate process sheets shall be prepared and maintained for each forging configuration, opposite 
hands being considered a single-configuration. 

4.5.3 Traceability: When serialization of forgings is required, the vendor shall maintain records to 
provide traceability of the forging to its location in the finai remelt ingot to the extent specified in 
3.2.4, or other requirements. Records sha.11 be mainta.ined for at least seven years or as 
specified by purchaser. 

4. 5. 3.1 Records shall accotmt for all forging multiples cut from each heat and for those portions of a 
heat which were unaccepta.ble, deta.iling the reasons for rejection. 

4.5.4 Heat Treatment; 

4. 5.4.1 When serialization of forgings is required, a furnace loading diagram shall, when required by 
purchaser of the forgings, be established for the purpose of maintaining traceability of any 
specific forging furnished in the final condition of the part to its particular heat treahnent batch 
and position in the furnace. Each heat treated forging sha11 be represented on the furnace loading 
diagram with the identification assigned in 4. 5.3 and 5.1. 2. 

4. 5. 4. 2 When the heat treated condition of certain air-hardening steels and of precipitation-hardenable 
steels and alloys cannot be distinguished by hardness, the vendor shall mark each forging after 
each individual heat treatrnent operation to indicate that the operation was completed. 

4. 5. 4.3 The vendor shall keep records of all furnace charts for each heat treatment batch or cycle. 
Information retained shall include the temperature, time, and furnace loading diagram. The 
records shall be kept on file for not less than seven years, unless otherwise agreed upon by 
purchaser and vendor. 
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