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MIL-S-88408B (ASG)
5 OCTOBER 1965

Suparseding
MIL-S-88LOA{ASG)
30 Geptembear 1943

MILITARY SPECIFICATION

BTEEL SHEET AND STRIP, CORROSICN-RESISTANT, PRECIPITATION
HARDENING (AM350 and AM355), PEENIUM QUALITY

This aspacification has been approved by the Department
of the Air Force and by tha Bureau of Naval Weapons.

1. BCOFR

1.1 BScope.- Thie speocification covers corrosion-resistant, heat treatable steel
in sheet and strip form (see 6.3), of the compositions and conditions indicated.

1.2 Clsssification,- Materials shall be supplied in the following compositions,
forms, and conditions, as specified (ses 6.2):

Composition - AM350 - Sheet: Hot or cold rolled, amnealsd and
descaled (No. 2D finish, or equivalsnt).

Strip: Cold rolled, annealed, and deacaled
(No. 1 Strip Finien}.

Composition - AM355 -~ Sheet .Hardened to CRT 150 (ses¢ table 35

and Hardened to CRT 180 {uaa table 3

strip: Hardened to CRT 210 (eee tabls 3

2. APPLICABLE DOCUMENTS

2.1 The following documsnts, of the iesue in effect on date of invitation for
bids or request for proposal, form a part of this specification to the extent specie
fied herein:

STANDARDS

dar.

FED. TEST MBTHOD

* STD. NO. 151 Metals; Taat Methods
FEDERAL STANDARD Continuous Identification Marking of Iron end Stesl
NO, 183 Produets
Miitary
MIL-8TD-163 Steel Mill Products Preparation for Shipment and Storage
M533520 Toéeranceu, Corroaion Resistant Steel Plate, Sheest and
trip
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(Coples of spocifications, standards, drawings, and publications required by

suppliera in connection with speoifio proourement functions should be obtained from
the procuring sctivity or as directed by the contracting officer.)

3.1 Material,- The steel shall be manufactured by the elsotrio furnace prooeas.

9.2 Chemical goppasition.- The chemical camposttion shall be a» specified in
table I.

TABIE I. Chemical compositiocn

Composition - ’ Check analysie
Element

AM350 AM355 Under min. Over max.
Carbon 0.07 to 0.11 0.10 te 0.15 0.01 0.01
Hangansso .50 to 1,25 .50 to 1.25 Oh O
94licon 50 (max .50 {max) - .05
Phospherus .040 2mx; ,040 (max . .005
Sulfur 030 (max 030 (max 005
Chromium 156.00 to 17.00 15.00 to 16.00 .20 .20
Nickel 4.00 to 5.00 4.00 to 5.00 .07 07
Molybdenum 2.50 to 3.25 2.50 to0 3.25 .10 .10
Nitrogen 0.07 to 0.13 0.07 to 0.13 - .01 - .01

3.3 Condition.-

3.3,1 AM350 (gnnealed).- Composition AM350 material shall be in the annealed
condition, obtained by hesting to 1,950° #25° F and holding at temperature for 45
mimites per inch of thickness, followed by water quenching.

3.3.1.1 Hardness in the anﬁgg_leg condition.- The annealed hardneas of the
*AM350 material shall be not higher than Roclwell €30, or equivalent.

3.3.1.2 Bending.- As-received AM350 material shall withatand, without craciking,
bending at room temperature through an angle of 180 degrees {free bend) or 135°
(guided bend) with the axis of bend parallel to the direction of rolling. The radius
of bend shall be not greater than two timss the nominal thickneas. .

3.3.2 ANM3I55 cold rolled and tempered.- Composition AM3ISS matarial shall: be
supplied by the })roducm- in tha cold rolied and tempered condition obtained by tempering
at’ B50° to 950°°F pubsequent to final oold rolling to cénform to the requiremsnts of 3.5,

3.4 Regponse to hept treatment.-
1 AM350,- As-recel
v ha

SL0p th

as specified in 4.6.2,
od in teble II,

respectd 1
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3.4.2 M&M— AM355 material supplied in the CRT (seo
6.3.3) condition is not mormally heat treated by the customer. However, 4f the form-
abllity im not adegquate for soms parts, the material may be reheat treated ae

indicated in 4.6.2 and may be expected to develop the respsctive nominal properties
indicated by table II. :

TABIE II. MNechandcal properties (heat treated)

M50 AM355 (nominal properties)
Properties FSoTaEG T —B0FI000—| Reheat, treated SCT1000
Yield strength at 0.2 percent, 160,000 150,000 150,000
offset, pei '
Tenaile strength, pel 185,000 165,000 | 170,000

Elongation, percent in 2 inches,
Nominal thickness, inch:
0.0005 to (.0015, inel.

{(xn) 2 (min)
Over 0,0015 to 0.0020, inecl. 4

B AV ALY L]

00Oy

Over 0020 to .0050, incl. é
Over .005C to .020, inol. a8
Over .020 to .1875: axcl. 10 B

3.5 Properties of AM355 (as received).-'The properties of AM355 shall equal or
axceed ths minimum requirements of table III for the respective condition.

TABLE ITT. Mschanical properties cold rolled and tempered AM355 (as recelved)

Properties CRT_150 CRT 180 CRT 210
Yield strength, min., 150,000 pai 180,000 psi 210,000 psal
0.2% offnet
Elongation, % in 2 inches, (min)
Thickness - S
0.0005 - 0,002, excl. 10 5 3
.002 -~ .005, incl. 12 é L
Over .005 - .010, inel. 15 8 5
Over 010 - ,015, incl. 15 10 6
Over .015 - .020, incl. 20 15 8
Over .020 ~ .125, incl. 20 15 0
3.6 'Dimansional tolerances.- ' Permissible variatione from nominal dimensicns

shall be within the limits of ¥M533520.

3.7 Identificaticn of product.- The matardal shall be marked in sccordance
with Pederal Standard No. 183. The marking shall include this specification number,
composition designator, condition, and the hest number.

- 3.8 Workmanship,- Material ghall be uniform in‘quality and condition, clean,
sourd, and free from foreign materials and from internal and external imperfectione
deirimental to fabrication or to performance of parts.
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L, QUALITY ASSURANCE FROVISIONS

4.1 Responasibility for inspection.- Unless otherwise specifiad in the contract
or purchase order, the supplier is responsible for the performance of all inspection
requirements as specified heréin. Exoept as otherwise epecified, the supplier may
utilise his own facilities or any other commercial laboratory acosptable to the
Governmant. The Oovernment resarves the right to perform any of the inspectiona set
forth in the specification where such inspections are deemed necessary to assure
supplies and aervices conform to prescribed requiremants.

4.2 Quality confomance inapection.- Inspection of the steel sheet and strip
is classified as quality conformance inspection.

4.3 Examinations..-

4.3.1 Examipation of product.- Sample units shall be randomly selected to
represent. each reapective thickness, of a number not lesa than indicated by table IV,
and examined to determine conformance to this specification with' respect .to-surface
finigh (1.2), identifiostion of product (3.7), dimensions (3.6), and workmanship :
{3.8). Inepection for thicknass and crown &hall conalst of measurements distributed
along, and 1/2 inch from & longitudinal (with respect to rolling direction) edge,
plus measuraments near the center (as rolled).

TABIE IV. Sampling

lot aire e _8lze Acceptance number _
1 - 45 L 0
66 - 110 5 0
111 « 300 7 0
301 - 500 10 o
501 - 800 15 o
Over 800 25 0
L.3.2 8 kagl ekl d marking.- Preparation for delivery

shall be examined for conformance to section 5.

b.4 Chemical analveis.-

4.4.1 Sampling.- Samples for chemical analysis shall be selected to repre-
sent each heat in the shipment,

N 4.4.1.1 Samples for chemical analysis may bs waived at the diecretion of
the procuring activity, provided that all of the material under inepection c¢an be
identified as being made from a heat praviously analyzed and found to be in
accordance with the chemlical compomiticn specified harein.



Downloaded from http://www.everyspec.com

MIL-S-88L40B(ASG)

4.4.2 Method.- Analysie shall be made in accordsnce with Method 11l or 112
of Fedsral Test Method Standard No. 151, or other appropriate analytical methods.
In the even of dispute, analyels shall be by Federal Test Method Standard No. 151.

4.5 Tensile strength of AM355 (a5 received).-~

4.5.1 Sampling.- Two tensile test aamples shall be eslacted to represent
sach 200 shests or each coll of stsel from each heat, of the sems thickness and

condition.

%.5.2 Preparation of specimens.- Two or more tenslle test specimens of 2-inch
gage length conforming to PL or P2 of Method 211 of Fodaral Test Mothod Standard
No. 151 shall be out from each sample and heat trsated in accordance with 3.4.1,
For widths ¢ inches and over, tensile test specimesns shall be taken with the axis
perpendicular to the direction of rolling. Por widths lsss than 9 inches, tensile
teat speoimen shall be taken with the axis parallel to the direction of rolling.
Prior to testing, specimens shall be heat treated in accordance with 3.4.

4.5.3 Method,~ Tensile tests shall be conducted in accordance with applicable
requirements of Mathod 211 of Federml Tast Method Standard No. 151. The nropertles
shall be equal to or exceed the minimum requirsments of table II.

L.5 Response to heat treatment.-

" 4.6.1 Sanpling.- Two eamples shall be selacted to represent each heat of steel
from which materials are pupplied in the annealed condition.

4.6.2 Proceseing.- Transverse spscimens conforming to typee F1 or ¥2, Method
211 of Federsl Test Method Standard No. 151 shall be gustenite conditioned by
heating to 1,710° #25° F, held at heat for not lees than 45 minutes per inch of
thicknees, quenohed in wat,er or otherwise quenched very rapidly to room temperature,
cooled to -100% F or lower, held at thls temperature for not lesas than 3 hours,
warmed to room temperatura, heated to either 1,600° F or 850° +10° F, held at
temperstura for not lems than 3 houra nor more than 4 hours, and air cooled to room
temperature.

4.6.3 Method.- Teneile tests nhall be conducted .'m accordmca with Method 211
of Federal Test Method Standard No. 151,

4.7 Hardness.- Hardness tosts shall be conducted in accordance with Method 243
of Pederal Teet Msthod Standard No. 151 on each material and ocondition of material
in the "asa-received” condition.

4.8 Bend test.-

4.8.1 Sampling.- Two or more bend teat samples shall be selected from each 200 .
sheets or from esch coil of steel from cach heat, of the same thicknees and condition,

4.8.2 Preparation of specimens.- Where dimensiocns psrmit, strip specimens
shall be cut from each sample with the longitudinal axis transverse to the direction
of rolling.
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4.8.3 Mgthod.~

4.8.3.1 Pree bend test,~ Specimens ehall be bent cold, elther by pressure or
by blows; bowever, in case of dispute, tests ehall be made by prescure.

4.8.3.2 Controlled bend (V-blogk) test,- Spocimens shall be bent cold by
maans of V-blocks or mating punch and die having an ineluded -angle of 45 degress,
and with proper curvature of surfaces at the bend areas to inpart the desired shape
and diamster of bend to the epecinmsn.

4.9 Rejectjon.- When the failure of ones or more apscimens indioate that
the test sample faile to mest the spocified requirement, the éntire lot shall
be rejected. .

4.9.1 Retest.~ At the diecretion of the supplier, retest will be permitted,
A retast sample of five apecimens shall be tepted to replace aach falled apecimen
of the initial sampls. If one or mors of the retest spscimens fall, the lot shall

be rejected with no further retesting permitted.

4.9.2 Repubmittal.- If the defectives in a lot previcualy rejected can be
identifiod and removed from the lot, resampling at the frequepcy of the initial
sanpling will be moceptable. )

5. PREPARATION PCR DELIVERY

5.1 MWMW%— Preservation, packaging,
packing, and marking shall be in accordance with ML D~163. The marking shall

include the following nomenclaturet .

Specification number
Heat treated conditlon
Surface finish

Siza(s)

Thicknesno{es)

Heat number

6. NOTES:

6.1 ‘Intended uas.~ Tho stesl shest snd strip is intended for use in the
fabrication of structural parts regquiring corroalon reeistance, formabllity, and
high strength at opersting temperatures up to-800° P, and whers such parts may

require welding during IAT;rica.t.iun._
6.1.1 Weldabijity.- The stesl is weldable by atandard walding processes.
6.2 Ordering data.- Procurement documenta should speclfy:

Title, nwsber, and dato of this specificaticn.

Composition (mes 1.2 and table I).

Condition {see 1.2 and table IT).

Length, width, and thickness desired.

Whether materials should be supplied as cut sheets or in ocoile.

L -3
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6.3 Definitions.~-

6.3.1 8§ - Sheet will be interpreted a8 material which is 0.1875 inoh
or lese in ckneas and 2, inches or more in width.

§.3.2 Strip.- Sirip will be interprsisd as matsrizl which 1s 0.1875 inch or
lesa in thicimese and lese than 2, inches in width.

6.3.3 CRT condition.~ A material obtained by appropriate cold rolling and
tempering by the produoer.

6.4, JFropertles.-

6.4.1 Forming AM355 cold rolled and tempered.- If the formability of AM3SS
in the CRT (cold rolled and tempered) condition ie not adequate for some partas,
the material can be amealed and warm-formed at 300° F or higher. Anmneal at 1,850°
F ardd rapldly cool directly to forming temperature and hold at the forming tampera-

ture by masans of an oll bath or axternal reaistance heatera. Thia aycle may be

repessted as necessary. The AMD355 material 1s then hardensd by heat treatment
apecified in 4.6.2,

. 6.4.2 Forming AM350.- The forsmbility of annealed AM350 may be improved by warm-
forming at 300° F or higher. Additional scycles of heating to 1,950° F and rapld
cooling directly to the forming temperature can be used as required.

6.4.3 ﬂmﬂggan_mm- The strass corrosion reaistance of martenasi-
tic high strength stainless steels increases as the steels are tempered to lower )
strength levels. By tempering AM350 at 1,000° F, its resistance to stress corroeion
will be lmproved compared to material tempered at 850° F. The higher strength alloy
AK355 should only be used in the 1,000° F tempered condition if resietance to stress
corrosion is required. The maximm resistance to both general and atress corrosion
can be obtained by using a carbide solution heat treatmant to improve the mstallurgi-
¢al structure of consumable alectrode melted AM355. This treatment consists eof
solution treating at 1,900 F, water gquenching, cooling to -100° ¥, warming in air
to roon temperature, austenite conditioning at 1,750° F, water quenching, cooling
to ~100° F, warming in air to room temperature, and tempering at 1,000° F.

6.4L.4 Fracture toughness,- Sharp edge-notched 0.025 inch thick sheet tensile
specinsns with a notch severity factor of greater than 17 have been used to
evaluate the fracture toughnees-of AM350 and AM3S55 sheet and strip. Shest and strip
epecinens from both the heat treated (SCT) and ths cold rolled (CRT) conditions
with yield strengths from 150,000 to 210,000 psi indicate a ratioc of notched to
unnotched tenalle strengthe of 0.95 to 1.05. Similar tests, employing transverse
speoinens conforming to the ASTM Fracture Committee recommendations, should be
conducted for record purposes on each heat of material,
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6.4.4.1 Reforences,— NASA Technical Note D-1798, May 1963, "Progrees Report
of NASA Special Committee on Materials Hesearch for Bupersonic Transport®, is
avallable from the Defense Doaumentation Center.

Alleghery Ludium Report 558432, "Practure Toughness Bvaluation of C5ld- Rolled
AM350 and AM355 Alloys," avallable on application to the Allegheny Ludlum Stoel
Corporation, Oliver Building, Pittaburgh, Pennsylvania.
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