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Solution Heat Treated 

1. SCOPE: 

1.1 Fozm: This specification covers a corrosion-resistant steel in the form of 
investment castings. 

i 

1.2 Applicat~onc P~imarily for parts requiring corroeion resistanc• and 
etrength~up to 1~000°F (540°C). 

i 

2. APPLICAeLL DOCU[~l~NTS: The follo~ing publications form a part of this 
specification to',the extent specified herein. 7.he latest issue of A~erospace 
Material 6pecific~ations (1hMS) shall apply. The applicable issue of other 
documents eh~ll 2ie as specified in Al~1S 2350. 

2.1 SAE Publication~: Available from SAE, 400 Co~onwealth Drive, ~Iarrendale, 
PA 15095. 

2.1.1 Aerospace.Matdri~l S~ecificationa: 

AMS 2350 - St~ndards and Test Methods 
AMS 2360 - Roqm Temperature Tensile Properties o! Castinqs 
AMS 2635 - Rac~ioqraphic In~pection 
AMS 2640 - Mac,~netic Particle Inspection 
AMS 2645 - Fl~oreacent Penetrant Inspection 
AMS 2694 - Re~air Weldinq of Aerospace Castinqs 
AMS 2804 - Ide~ntification, Castings 

~ 

2• 2, lISTM R~blic$tior~s : Available fr~ Amierican Society for Testing and 
Materials, 1916'Race Street, Philadelphia, PA 19103. 	 ~ 

ASTl~I 1►370 -!lechanical Testinq of Steel Products 
ASTM ~',192 - Aef~irence Radiographs of,~Tnvestment Steel Caatinqa Eor 

~rospace ]~p~lications 
ASTM E353 - Chemical Pinalysis of Staihless, Heat-Aesietinq, [~laraqing, 

and Other Similar Chrornium-Nickel-Iron Alloys 

SAE Technical Board rules provide that: "All technical reports, iAcluding standards approved and prectioes recom- 
mended, are advisory only. Their use by anyone engaged in induptry or trade or their use by govemmenta) agencies 
is entirely voluntary. There is no agre~ement to adhera to any SAE standard or recommended practice, ar~d no com- 
mitment to conform to or be guided by any technical report. In formulating and approving t~chnical reports, the 
Board and its Committees will not investi gate or consider patents which may apply to the subject matter. Prospeo- 
tive users of the report are responslble for protecting themseNres against liab~l~ty for infringement of patents.' 

~-~.-, • 	_ 	~ . 8 ~~ :o~ 

Copynght 1982Socfety of AutomoUve Engineers, Inc. 	„ 	,~ 	~ 	 ~. .,'~ R ~ ~ 
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~MS5340B 
2.3 U.S. Government Piiblications: Available from Commanding Officer, Naval 

Publications and i?orm~~ Center, 5801 Tabor Avenue, Philadelphia, PA 19120. 

2 .3 .1 Federal Standarcis : 

Federal Test Me~l;hod Standard No. 151 - Metals; Test Methods 

2.3.2 Military Standas~ds: 

MIL-STD-794 - P~~rts and Equipment, Procedures for Packaging and Packing of 

3. TECHNICAL REQUIREM~'sNTS: 

3.1 Composition: Shal.l c~~nform to the following percentages by weight, 
determined by wet che~nical methods in accordance with AS~i'M E353, by 
spectrographic met:hods in accordance with Federal Test Method Standard 
No. 151, Method 17.2, ~~r by other analytical methods approved by purchaser: 

min 	max 

Carbon -- 0.06 
ManganE:se -- 0.70 
Silicor.~ 0.50 - 	1.00 
Phosphc~rus -- 0.020 
Sulfur -- 0.025 
Chromium 13.50 - 14.25 
Nickel 3.75 - 	4.75 
Molybde:num 2.OU - 	2.50 
Columbium •+~ ~antalum 0.15 - 	0.35 

Copper 3.00 - 	3.50 
Nitrogen -- 0.05 

3.2 Condition: Solution heat treated. 

3.3 Casting: Casting~ sh~ll be poured either from remelted metal from a master 
heat or directly from a master heat. In either case, metal for casting 
shall be qualified as in 3.4. 

3.3.1 A master heat is refined metal of a single furnace charge or is metal 
blended as in 3.3.2,~ Cates, sprues, risers, and rejected castings shall 
be used only in preparation of master heats; they shall not be remelted 
directly, without re:fining, for pouring of castings. 

3.3.2 Unless prohibited by purchaser, metal from two or more master heats may be 
blended provided that the composition of each master heat to be blended is 
within the limits of` 3.1 and that the total weight of inetal blended does 
not exceed 10,000 lb (4500 kg). Ingot and pig may be blended together, 
shot may be blended, but shot shall not be blended with ingot or pig. 
When two or more ma~;ter heats are blended, the resultant blend shall be 
considered a master heat. 

r 

• 

~ 
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AMs5340B 

3.4 Master Heat Qualification: Each master heat shall be qualified by 
evaluation of chemical analysis and tensile specimens conforming to 3.4.1 

and 3.4.2, respectively. A master heat may be considered conditionally 
qualified if vendor's test results show conformance to all applicable 
requirements of this specification. However, except when purchaser waives 

~ confirmatory testing, final qualification shall be based on purchaser's test 
results. Conditional qualification of a master heat shall not be construed 

as a guarantee of acceptance of castings poured therefrom. 

3.4.1 Chemical Analysis Specimens: Shall be of any convenient size, shape, and 
form for vendor's tests. When chemical analysis specimens are required by 

purchaser, specimens shall be cast to a size, shape, and form agreed upon 
by purchaser and vendor. 	~ 

3.4.2 Tensile Specimens: Shall be cast from remelted metal from each master 
heat except when castings are poured di"rectly from a master heat, in which 
case the specimens shall also be poured directly from the master heat. 

Specimens shall be of standard proportions in accordance with ASTM A370 
with 0.250 in. (6.25 mm) diameter at the reduced parallel gage section. 
They shall be cast to size or shall be cast oversize and subsequently 
machined to 0.250 in. .(6.25 mm) diameter. Center gating may be used. 

3.5 Heat Treatment: Castings and representative tensile specimens shall be heat 
treated as follows: 

3.5.1 Homogenization: When permitted by purchaser, heat in a neutral or 
slightly reducing atmosphere to 2100°F + 25 (1150°C + 15), hold at heat 
for not less than 90 min., and cool as required to below 70°F (ZO°C). 

3.5.2 Solution Heat Treatment: Heat in a neutral or slightly reducing 
atmosphere to 1900°F + 25 (1040°C + 15), hold at heat for 60 min. per inch 
(25 mm) of nominal cross-section but not less than 30 min., and cool as 
required to below 70°F (20°C). 

3.5.2.1 When homogenization heat treatment as in 3.5.1 is not permitted, 
castings and representative tensile specimens may be given a second 

solution heat treatment in accordance with 3.5.2, if specifically 
permitted by purchaser. 

3.6 Properties: Castings and representative tensile specimens produced in 
accordance with 3.4.2 shall conform to the following requirements; hardness 
and tensile testing shall be performed in accordance with ASTM A370: 

3.6.1 As Solution Heat Treated: Shall be as follows: 

3.6.1.1 Hardness: Not higher than 36 HRC or equivalent. 

3 
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~ 3.6.2 After Preci pit;atic>:n Heat Treatment: Castings and representative tensile 
specimens, heat ti~ated as in 3.5, shall have the following prope=ties 
after being precipitation heat treated by heating to 1100°F + 15 
(595°C + 8), h~~lding at heat for not less than 4 hr, and cooling in air to 
room temperatu.re: 

3.6.2.1 Se.parately-Caast Specimens: 

3.6.2.1.1 Tensile Prc> erties: 

Tensile Sta~ength, min 
Yield Strer~gth at 0.2$ Offset, min 
Elongation in ~D, min 
Reduction c:>f A:rea, min 

3.6.2.2 Castings: 

3.6.2.2.1 Tensile Pr<:~ er~ties: 

Tensile StLengith, min 
Yield Strength at 0.2$ Offset, min 
Elongation in ~~D, min 
Reduction af A~-ea, min 

150,000 psi (1035 MPa) 
130,000 psi ( 895 MPa) 

10$ 

25$ 

140,000 psi (965 MPa) 
130,000 psi (895 MPa) 

6$ 

15~ 

• 
3.6.2.2.1.1 When propertiLes other than those shown in 3.6.2.2.1 are required, 

A' 	size, location, and number of specimens and required properties 
shall be as ;shown on the part drawing or as agreed upon by purchaser 
and vendar arid may be defined as specified in AMS 2360. 

3.6.2.2.2 Hardness: Shal.l be not lower than 30 HRC or equivalent. 

3.7 	ualit : 

3.7.1 Castings, as se~~eived by purchaser, shall be uniform in quality and 
condition, soun~9, and free from foreign materials and from internal and 
external imperf~~ctions detrimental to usage of the castings. 

3.7.I.1 Castings shal:l have smooth surfaces and sha1Z be well oleaned. Metallic 

shot or grit :~hall not be used for final cleaning, unless otherwise 
permitted. 

3.7.2 Castings shall t~e p.roduced under radiographic control, unless otherwise 

specified. Thit~~ co;ntrol shall consist of radiographic examination of 
castings in accc:~rda~nce with AMS 2635 until proper foundry technique, which 
will produce ca::~tin~~s free from harmful internal imperfections, is 
established for eaclz part number and of production castings as necessary 
to ensure mainte~nance of satisfactory quality. 

3.7.3 When specified, casi:ings shall be subjected to magnetic particle inspection 

in accordance with ~~MS 2640 and/or to fluorescent penetrant inspection in 
accordance with AMS 2645. ~ 
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A.M S 5~40B 

3.7.4 Radiographic, magnetic particle, fluorescent penetrant, and other quality 
j~ 	standards shall be as agreed upon by purchaser and vendor. ASTM E192 may 

be used to define rai3iographic acceptance standards. 

3.7.5 Castings shall not be repaired by peening, plugging, welding, impregnating, 
~ 	or other methods without written permission from purchaser. 

3.7.5.1 When permitted in writing by purchaser, defects in castings may be 
~ 	removed and the castings repaired by welding in accordance with AMS 2694. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibilitv for Ins ction: ~he vendor of castings shall supply all 
~' samples for vendor's tests and shall be responsible for performing all 

required tests. Results of such tests shall be reported to the purchaser as 
required by 4.5. Purchaser reserves the right to sample and to perform any 
confirmatory testing deemed necessary to ensure that the castings conform to 
the requirements of this specification. 

4.2 Class~fication of Tests: 

4.2.1 Acceptance Tests: Tests to determine conformance to requirements for 
~' 	composition (3.1), hardness as solution heat treated (3.6.1.1), tensile 

properties of separately-cast test specimens (3.6.2.2.2) after 
precipitation heat treatment, and quality (3.7) are classified as 
acceptance tests and shall be performed on each master heat or lot as 
applicable. 

4.2.2 Periodic Tests: Tests to determine conformance to requirements for 
~ 	tensile properties of specimens cut from castings after precipitation heat 

treatment (3.6.2.2.1) and hardness (3.6.2.2.2) are classified as periodic 
tests and shall be performed at a frequency selected by the vendor unless 
frequency of testing is specified by purchaser. 

4.2.3 Preproduction Tests: Tests to determine conformance to all technical 
~J 	requirements of this specification are classified as preproduction tests 

and shall be performed prior to or on the first-article shipment of a 
casting to a purchaser, when a change in material and/or processing 
requires reapproval as in 4.4.2, and when purchaser deems confirmatory 
testing to be required. 

4.2.3.1 For direct U.S. Military procurement, substantiating test data and, when 
requested, preproduction tesk material shall be submitted to the 

cognizant agency as directecl 5y the procuring activity, the contracting 
officer, or the request for pcocurement. 

4.3 Sampling: Shall be in accordance with the following; a lot shall be all 
~ castings poured from a single master heat, solution heat treated as a batch, 

and presented for vendor's inspection at one time: 

5 
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4.3.1 Two chemical analy~;is specimens in accordance with 3.4.1 and/or a casting 

	~ 
from each mastec he~at. 

4.3.2 Three tensile s;pecimens in accordance with 3.4.2 from each master heat. 

4.3.3 Two preproducti~~n castings in accordance with 4.4.1 of each part number. 

4.3.4 One or more cas~tings from each master heat when tensile properties of 
Q~ 	specimens machiiied from castings are required. Size, location, and number 

of specimens ma~~hined from castings shall be as specified on the drawing 
or as agreed up~~n by purchaser and vendor. When size, location, and 
number of specimens are not specified, not less than two tensile 
specimens, one :Erom. the thickest section and one from the thinnest 
section, shall I~e cut from a casting or castings from each master heat. 

4.4 Approval: 

4.4.1 Sample castings from new or reworked master patterns and the casting 

procedure shall be approved by purchaser before castings for production 
use are supplie~9, unless such approval be waived by purchaser. 

4.4.2 Vendor shall es •tablish separately for tensile specimens used for master 
heat qualificat:ion and for production of sample castings of each part 
number paramete:~s for the c~ntrol factors of processing which will produce 
tensile specimeils meeting master heat qualification requirements and 
acceptable cast:ings; these shall constitute the approved casting 
procedures and :~hall be used for producing subsequent master heat 
qualification s~~ecimens and production castings. If necessary to make any 
change in param~~ters for the control factors of processing, vendor shall 
submit for reap~~roval a statement of the proposed changes in processing 
and, when reque;ated, sample test specimens, castings, or both. Production 
castings incorp<~rating the revised operations shall not be shipped prior 
to receipt of r+:approval. 

4.4.2.1 Control factoi:s for producing test specimens and castings include, but 
are not limita~d to, the following: 

~ 

• 

Type of furna~:e and its capacity 
Type and size of furnace charge 
Time molten mE~tal is in furnace 
Furnace atmos~~here 
Fluxing or dec~xidation procedure 
Number of lad7.es  used in pour 
Mold refractoa:y formulation 
Mold back-up niaterial 
Gating practic:es 
Mold preheat e~nd pouring temperatures, (variations of 

from establi.she~d limits are permissible) 
Solidificatioc~ and cooling procedures 
Homogenizatior~ arnd solution heat treatments 
Cleaning opercitio:ns 
Methods of in:~pection 

+25°F (+15°C) 

~ 
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