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METRIC
DOD~-F-24669/7

7 July 1986
SUPERSEDING
MIL-S-861A(SHIPS)

10 January 1955

MILITARY SPECIFICATION
FORGINGS AND FORGING STOCK, STEEL BARS
AND BILLETS, CORROSION RESISTING;
NAVAL STEAM TURBINE PARTS USE (METRIC)

This specification is approved for use by all Departments and Agencies
of the Department of the Defense.

1. SCOPE
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1.2 Classification. Bars shall be of the following classes aand conditions,
as specified (see 6.2).

ol YT~ 5. N2
widoSd {UO
Condition AN - Annealed
Condition HT - Heat-treated
Class 405
Condition AN - Annealed
M anas 1L.1N
VAADD S LU
Condition AN - Annealed
Condition HT - Heat-treated
Class 422
Condition - Annealed (forging stock only)
Condition HT - Heat-treated
Ranafircrial ~cammante ((roarnmmandarianne adAddiriAance Aalatiano) and ~e [P
nenerifia. comments liTlLvmmciiuacLLviio, alduliitionud, ucicuLwoiuas ) dnd dll)’ perLiiuent
data which may be of use in improving this document should be addressed to:

Commander, Naval Sea Systems Command, SEA 55Z3, Department of the Navy,
Washington, DC 203€2-5101 by using the self—addressed Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end of this document or
by letter.
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specification and standards. The following specification and stan-
rds form a part of this specification to the extent spec1fied herein. Unless
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SPECIFICATION

MILITARY

STANDARDS

MILITARY
MIL-STD-105

Sampling Procedures and Tables for Inspection By
Attributes.

MIL-STD-271 Nondestructive Testing Requirements for Metals.

(Copies of specification and standards required by contractors in connec-

on with spec1f1c acqu151t10n functions should be obtained from the contracting
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2.2 Other publications. The following documents form a part of this speci-
fication to the extent specified herein. Unless otherwise specified, the issues
of the documents which are DoD adopted shall be those listed in the issue of the
DoDISS Specltled in the sollcitatlon. Unless otherwise specified the issues of
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AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

A 370 - Standard Methods and Definitions for Mechanical Testing
of Steel Products. (DoD adopted)

E 10 - Standard Test Method for Brinell Hardness of Metallic
Materials. (DoD adopted)

FE 18 - Standard Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials (DoD adopted)
£ 110 = Standard Test Method for Indentation Hardness of Metallic
Materials by Portable Hardware Testers.

{Appiication for copies should be addressed to the American Society for
Toackinag and Matarialao 1Q14 Dan~ C+ rnnt Dhiladalnhdia DA 1Q1N7 )
LTDL Ll‘s allu fialt<ciiaao ’ Z AV na-w I < - ’ L IIL.LBUCLVIILQ’ i o A7 AVIe

(Nongovernment standards and other publications are normally available
from the organizations which prepare or which distribute the documents. These
documents also may be available in or through libraries or other informational
services.)
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2.3 Order of precedence‘ In the event of a conflict between the text of
this specification and the references cited herein (e'Ccpt for associated detail
cmand fdmnardnnea snecificatrion sheats or MS gtandards) the text of this snecifi-
OPCLLLL\_‘ILLUI Dy OPTLILILILAGLLIULI SIITTCLE Vi iU sLraniudgaunsy -t o as ~iaan Fe~as s
cation shall take precedence. Nothing in this specification, however, shall
supersede applicable laws and regulations unless a specific exemption has been

obtained.
3. REQUIREMENTS

3.1 General. The material furnished under this specification shall be in
accordance with the requirements of DOD-F-24669 and as specified herein.

3.2 Material processing. The material shall be processed in accordance

with DOD-F-24669 except that it shall be melted by the electric furnace or vacuum
induction process only.

1.1 Heat treatment. The materia

- s oL LaTtaLaitiil e =

1 shall
treated as required by the condition specified
required mechanical properties.

uniformly annealed or heat

a 0
o produce material meeting the

"+ ®

3.4 Chemical composition. The chemical composition shalil be in accordance
el el &L VY_ o T -3 TY Unmnd memeaternd al n an cneanan~nd fdlAad 4w +aAab1lAa T Dendsrnt
WIlLIlI LdDLlEd 1 dllu 1l le acat dadilalyds>ipd blld.l..l. DE ad bBpeELiliiTU il LavdT 1. ravuucce
analysis shall be in accordance with table T with the tolerances shown in
table II.

TABLE I. Chemical composition.
Manga={Phos- jSul- |Sili-
Classes |[Cardon nese |phorus|fur con Chromium Aluminua Vanadiua Molybdenum Tungsten Nickel

(max) (max) |(max) |(max)|(max)

Per~ |Per- Per~- | Per-
Parcent! cent lcant csnt jcant Parcent Perecant
Class 403 0.i5| 1.00 [0.040 j0.030)10.50 [ii.5 to i3.0 Y —— 0.50 max
Class 410 .15 1.00 .040 .030{1.00 [11.5 to 13.5 — ——— —~———
Class 405 .08] 1.00 .040 .030{1.00 J1l1.5 to 14.5|0.10 to 0.30 — ——— ——
Class 4221.20-.251 1.00 -040 -03010.75 111.5 ra 13.8 0.15 ro G.3010.75 re 1.25810.75 re 1.2510.50 o 1.00Q

1/ When material conforming to class 403 18 specified for the manufacture of forged blades requiring resistance to
corrosion as described in 3.6, 0.40 - 0.60 percent maclybdenum will be permitted.

TABLE I1I. Product analysis.

Tolerance,
{max)
Element percent
Carbon 0.01
Manganese .03
Phosphorus . 005
Sulfur . 005
Silicen .05
Chromium .15
Aluminum .05
Molybdenum 403 .03
Molybdenum 422 .05
Nickel .03
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3.5 Mechanical properties.

3.5.1 Heat treated material (condition

shall be in accordance with table III.

TABLE 111. Mechanical properties.

Charpy
Elonga=- |Reduc-~ V-notch
tion tion impact at
Tensile Yield | in 2 of room
Condi-| strength |[strengthl/ [inches, | area |temperature
Class|tion (min) (min) (min) [(min) (min) Hardnessl/
MPa|l1b/in? |MPa[1b/in? | Percent |Percent|Jouls|ft/1b| Bri- Rock=
nelLi/ well
403 AN -] =— - -— —_— - - - 241 max|Bl100 max
HT 6901]100,000] 480 0,000 20 60 40 30 201-241|B94-B100
410 | AN ——— === === =——- — - - —_ 241 max [B100O max
HT £901100,0001 480! 70,000 20 45 40 30 201-241|B94-B100
422 AN - - -—— —— — - - - 262 max |C26 max
HT 9651140,000{760}110,000 13 30 18 13 302~-352|C33-C38
1/ Yield strength at an offset of 0.0l percent of the gauge length.
2/ The use of either the Brinell or Rockwell test is permitted.
3/ Brinell hardness taken with 10 millimeter ball, 3000 kilogram load.

3.5.2 Annealed material. Material furnished in condition AN shall meet the
mechanical properties specified in table I1I when subjected to the appropriate
harden and temper heat treatment. Annealed material shall not exceed the hard-

...... P --L1 .. TTTY

nessed prLLLLEU Lll LdD1i€ 1lile.

3.5.3 Hardenability. Class 405 bar shall not exceed a hardness of HB 250
or HRC 24 when tested as specified in 4.3.1.

3.6 Acid resistance. When specified (see 6.2) class 403 bars shall show no
evidence of intergranular corrosion, disintegration, or pitting when subjected to
the test specified in 4.3.2. This test is intended for class 403 bars which is

to be used for the manufacture of fnrapd blades which are to be subiected to a

L aellllallille 2041 L22aldes vyeiicl O a
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3.7 Cold bend. When specified (see 6.2) class 410 material with a hard-
ness over HB 200 shall not crack or break on the outside of the bent portion
when tested in accordance with 4.3.3. This test applies to class 410 material
intended for use as shrouding.

3.8 Magnetic particle inspection. Blades machined or forged from class
403 bars shall be inspected in accordance with 4.3.4. Blades shall be free of
cracks, laps and seams. Inclusions shall be acceptable provided they comply
with the following:
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(a) They are parallel to the blade axis.
(b) They do not extend from the profile around a corner into

the platform or tendon.
(c) They do not bleed dye penetrant when subject to a liquid
penetrant inspection.

2. Q Hardnace Mace /NAV Favaend KRladacs chall maaot tha Breinmall Ay DAanbeall

S MOAUMCOO » wAiQDO ha AV LULECU viauco S1a i . [} 1L ==} ey ¥ (SR DL WL ALilT L A L NULCLNAWCT 4 L
hardness requirements of class 403, condition HT, when tested in accordance with
4.3.5.

4. QUALITY ASSURANCE PROVISIONS

4.2 Sampling.

4.2.1 Hardenability test. One sample shall be taken from each lot of
class 405 bars for hardenability test.

L 2.9 M haorndAanl mvranarty toctn Mascana L.N2 A
L 14

4.2.2 Mechanical pioperty tests. Classes 403, 410, and 422 (condition
HT) shall have two bars selected from each lot tested for compliance with
table III. For each bar selected one tensile and three Charpy impact tests

hardness over HB 200 shall be subjected to the cold bend test.

4.2.4 Cold bend test. One bar from each lot of class 410 having a

4.2.5 Dimensional examination. A dimensional examination shall be per-
ormed on a sample selected in accordance with MIL-STD-105, general inspection
- 1
< A

4.2.6 Magnetic particle inspection. All class 403 blades shall be inspected.

4.3 Examination and test procedures.

4.3.1 naraenamnty test. One test specimen 1-1/4 centimeter (cm) (1/2-inch)
thick shall be prepared from class 405 material selected in accordance with 4.2.1.
Tho egnoecimoen chall be heated tg 955 4+ 15 degrees Celsius (o) I|7:n L 9L An s en
4T OSpTlamTii SuGas [RA 2L SL I L S B 40 UTERILTTO LTLADLuUud \ Ly (170 I_LJ UCBLCCS
Fahrenheit (°F)), held at temperature for 30 minutes, oi uvenched and subiected

......... e SRl e

("F)) 1gq
to a hardness test. Fallure of the test specimen to comply with the requirement
of 3.5.3 shall result in recjection of the lot represented.

Acid resistance test. When specified (see 6.2), a test specimen

4.3,
5 cm by i-1/4 cm (2-inches by i/2-inch) shall be cut from one end of the class
403 bar selected in accordance with 4.2.3. The specimen shall be heated in air
to 1065 + 15°C (1950 + 25°F), held at temperature for ! hour, air cocled, :nd
then plckled in a 50 percent hydrochloric acid solution at 75 + 3°C (170 + 5°F)
until all scale 1s removed. This cycle shall be repeated five times and Che

N
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4.3.3 Cold bend test. Bend tests shall be conducted in accordance with
ASTM A 370. Material up to and including 10 millimeters (mm) (3/8-inch) in
thickness shall be bent cold through 180 degrees around ~ pin the diameter of
............. b aed Al Avo 1N e (2/0 4 A0\
Wll.lL.ll Lb cyual LU Lllt LIILLI\HCSD or LHT latC€lidde lldLCLLGJ. over 1V ui \J/O—LULLI/
thickness shall be bent around a pin the diameter of which is equal to twice
the thickness of the material. The axis of the bend shall be parallel to the

direction of rolling.

4.3.4 Magnetic particle inspection. A magnetic particle inspection shall
be performed in accordance with MIL-STD-271 and shall meet the requirements of

R
JeOe

4.3.5 llardness (class 403 blades). Hardness tests shall be performed in
accordance with either ASTM E 10, ASTM E 18 or ASTM E 110.

5. PACKAGING

(9]
=t

(The packaging requirements specified herein apply only for direct Govern-
ment acquisition.)

5.1 Preservation, packing, packaging, and marking shall be in accordance
with DOD-F-24669.
6. NOTES

6.1 Intended use.

6.1.1 Class 403 HT materjal is intended for use in the manufacture of
machined blades. Class 403 AN material is intended for use in the manufacture
of Fnr.vnfl hladecg. The material shall be ordered in the shortest ]pnarh: that

vaalGlss 4l BaQiCiaidaas L 1= S Vil WIS

will cut without excessive waste. This material is intended for use at service
temperature not over 430°C (900°F).

6.1.2 Class 410 material is intended for use in the manufacture of such
wedges, spacer blocks, and locking pieces.

items as shrouding, packing pieces,
- o o
This material is 1ntended for use at temperatures not over 480°C (900°F).

6.1.3 Class 405 material is intended for use in the manufacture of such
items as shrouding, diaphragm and partitions, when material of low hardenability
is required for welding. This material is intended for use at temperatures not

over 510°C (9507°F).

6.1.4 Class 422 material is intended for use in the manufacture of such
items as blades, locking pins, diaphragm and nozzle partitions, nozzle blocks
or rings and shrouding. This material is intended for use at temperatures
over 480 to 540°C (900 to 1000°F) maximum.

A~ A mrsema ah sl ~no
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2 Orderiqgrdata. In addition to the ordering data of DOD-F-24669,
t d cif h follu-i g

ﬂ)

v
y t

(a) Class and condition required (see 1.2).
(b) Whether the acid resistant test 1{s required for
class 403 bars (see 3.6 and 4.3.2).
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(c) Whether the cold bend test is required for class 410 material
with a hardness over HB 200 (see 3.7 and 4.3.3).
(d)

Size, shape and quantity of bars and billets required.

Custodians:

Preparing activity:
Army - MR Navy - SH
Navy = SH (Project FORG-0128-07)
Air Force - 99

Review activities:
Army - AR, MI, GL
Navy - AS, 0S
Alr Force - 84

User activity:
Navy - MC
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