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(See section 6)

STEEL, INVESTMENT CASTINGS
ALLOY AND CARBON

This specification is approved for use by all the departments and agencies of the
Department of Defense.

1. SCOPE
1.1 Scope. This specification covers alloy and carbon steel castings
made by the investment precision casting process. (See 6.1)

1.2 Classification.

be of the composition and conditions shown in table I.

{(See 6.2.)

Alloy and carbon steel investment castings shall

TABLE I. Compositions and conditionms.
Compo§1§§on Conditions
number
1C-4130 As cast, annealed, or heattreated
1C-4140 As cast, annealed, or heattreated
1C-4335M As cast, annealed, or heattreated
1C-4340 As cast, annealed, or heattreated
1C-4620 As cast, annealed, or heattreated
1C-6150 As cast, annealed, or heattreated
1C-8620 As cast, annealed, or heattreated
1C-8630 As cast, annealed, or heattreated
I1C-8735 As cast, annealed, or heattreated
1C-8640 As cast, annealed, or heattreated
I1C-52100 As cast, annealed, or heattreated
IC-Nitralloy 135 Heattreated
IC-1020 As cast or annealed
1C-1030 As cast, annealed, or heattreated
IC-1040 As cast, annealed, or heattreated
1C-1050 As cast, annealed, or heattreated
! Not ideniicai to simiiar wrought meiai designaiions.
FSC M
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*2,1 1Issues of documents. The following documents of the issues in
effect on date of invitation for bids or request for proposals form a
part of this specification to the extent specified herein:

Federal
*MMM-A-260 Adhesive.7W§tgr-re§istant, (For Sealing
Waterproofed Paper)
PPP-B-566 Box, Folding, Paperboard
PPP-B-585 Box, Wood, Wirebound
PPP-B-601 Box, Wood, Cleated-Plywood
PPP-B-621 Box, Wood, Nailed and Lock-Cormer
PPP-B-636 Box, Shipping, Fiberboard
PPP-B-676 Box, Setup
*PPP-C-1120 Cushlonlng Ma}er ial; Uncompressed Bound
Fiber for packaging
PPP-T-76 Tape, Pressure-Sensitive, Adhesive Paper,
(For Carton Sealing)
Military
MIL-P-116 Preservation-packaging, Methods of
MIL-B-121 Barrier Material, Greaseproofed,
Waterproofed, Flexible
MIL-C-6021 Casting, Classification and Inspection of

FED-STD-151 Metal, Test Methods
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FED-STD-356 Commercial Packaging of Supplies and Equipment
Military

MIL-STD-105 Sampling Procedures and Tables for Inspection
by Attributes

MIL-STD-129 Marking for Shipment and Storage

AUTY ov™Nn 279 VMamdacwnsbocadlisea MTantldmse Danicd mamanets

MAL*OlU~&L7 A NUVIIUEI LIULLLIYVE 163 Lillg NByuisvmwiivy
for Metalse

(Copies of specifications, standards, drawings, and publications
required by contractors in connection with specific procurement functions
should be obtained from the procuring activity or as directed by the con-
tracting officer.)

*2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. Unless otherwise¢ indicated,
the issue in effect on date of invitation for bids or request for pro-
posals shall apply.

*UNIFORM CLASSIFICATION COMMITTEE AGENCY
Uniform Freight Classification Rules

(Application for copies for these ratings, rules, and regulations
should be addressed to the Uniform Classification Committee, Room 1106,

AAA AL e S WY l o CRPRP, ri11 LALAL N\
£&4<4 O0UTn K1versiae riaza, wiicago, 111. OoVOouVo., )

American Society for Testing and Materials (ASTM)

*ASTM E 8 Tension, Testing of Metallic Materials,
Methods of

*ASTM E 18 Rockwell Hardness and Rockwell Superficial
Hardness of Metallic Materials, Test for

*ASTM E 192 Investment Steel Castings for Aerospace

Applications, Reference Radiographs of
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*American National Standards Institute (ANSI)

ANST B 46.1 Surface Texture; Surface Roughness, Waviness
and Lay

(Application for copies should be addressed to the American National

Standards Institute, Inc. , 1430 Broadway, New York, N. Y. 10018.)

*National Standards Association (NAS)

NAC Q27 Curf
NAOS UL oul'l

(Copies of the above publication may be obtained from the National
Standards Association, 1321 14th Street, N.W., Washington, D. C. 2000S5.)

3, REQUIREMENTS

3.1 Process, Castings shall be made by an investment process pro-
ducing castings complying with this specification (see 4.1.1).

3.1.1 1Initial production castings. When specified, castings from
initial production shall be forwarded to a testing activity designated

in the contract or order {(see 4.i.2 and

[0}
N
s

sidered master heats.
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3.3 Condit .

*3,3.1 Annealed or normalized and tempered. Castings shall be fur-

nished in the annealed or the normalized and tempered condition specified
in table III.

*3.4 Response to heat treatment. Tensile specimens cut from sample
castings or coupons shall be capable of meeting the mechanical Dropertxes

of table III after oil quenchlng and tempering as appropriate for the

respective composition. Water quenching is not permissible except for
the low carbon compositions, nor tempering at temperatures below 700° F
unless otherwise spec1f1ed Mechanical propert1es of castings requxred

for conditions other than shown in table III shall be as specified in
the contract or order (see 6.2} or on the dra" ng for the castings.

3.5 Surface roughness. When specified, roughness of surfaces shall
not exceed 125 roughness height rating. Surface roughness shall be
interpreted in accordance with the provisions of ANSI B 46.1.

3.6 Soundness. Castings shall comply with the specified radiographic
standards selected by design personnel from ASTM E 192. The required
casting quality shall be specified by class and grade in accordance with
MIL-C-6021.

3.7 Decarburization. Unless otherwise specified, decarburizatio
(partial plus compiete) shall not exceed 0.003 inch from the surfaces of
as received castings.

*3.7.1 Carbon restoration is permitted provided that the carbon content
of the restored area is within the range of carbon content specified for
the casting and no layer of decarburized material remains between the
surface and core. Annealing and carbon restoration may be accomplished
in one operation.

3.7.2 Castings which are to be case hardened by carburizing during
final heat treatment need not have the carbon restored prov1ded that the
depth of decarburization does not exceed the minimum specified case depth

requirement.
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J.0 KREpdlring OI decIeits. Lastings snall not ve weidaea, piuggea or
ranaired in anyv manney withnAit writtan navrmiceinn v»Aam tha nraocurine
dWwipad d v Py (- 2%} Hiaiiiiv & i Vil wWiaoLbLOll PG"“J-:DLU“ 4 d Wil Sid y&v»u&aus
activity.

*3.8.1 When permitted in writing by purchaser, defects in castings
may be removed and the castings repalred by welding provided the weld

repair area has properties comparable to those of the parent metal.
Repair welds shall be subjected to the same inspection and acceptance
etandavrde wanntivad Af tha ractine and wald wmanntiw anran ahall ha c11i ¢tk 1.,
P e@iIVAL UO AC\'ULL?U Vi vile \:ﬂablll&’ ajiu we il ;cya;x @&iIva Dliaaldl VT oOuUuUlLavL il
marked to facilitate inspection. The repair welding shall be performed
prior to any heat treatment specification and tc any nondestructive
testing specified.

3.9 Dimensions. Lastlngs shall conform to the drawings specified in
the contract or order (see 6.2) with respect to dimensions and tolerances

3.9.1 Tolerances. Unless otherwise specified, critical dimensions on
castings shall have as cast nominal tolerances of *0.0C5 inch per inch
(of size). Unless otherwise indicated on the drawings, all tolerances
are absolute and shall be reduced by the amount of the measuring error.

I or. the
part number. The marki
ability.

4. QUALITY ASSURANCE PROVISIONS
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suitable for the Derforman of the ins p ection reau1rements sneC1f ied
herein, unless disapproved by the Gcvernment. The Government reserves
the right to perform any of the inspections set forth in the specification
where such inspections are deemed necessary to assure supplies and services
conform to prescribed requirements.
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*4.1.1 Veri .cation of foundry process. Unless otherwise specified,
castings shall be provided under radiographic control. This shall consist
of radiographic examination of castings under proper foundry technique,

which will produce castings free from harmful internal imperfections, as
established for each part number and of production castings as necessary
to ensure maintenance of satisfactory quality.

*4,1.2 Initial production castings inspection. When specified
(see 3.1.1), inspection of a sample of production castings shall be per-
formed at the designated testing agency. Unless otherW1se spec1f1ed,

two initial production couvons or castings shall be subjected to the
examinations and tests specified herein and such inspection as is necessary
to determine compliance with the requirements of the contract (see 6.2).

P s Cammnling
x4 JGJHEL.LIIE-
4.2.1 Lot

4.2.1.1 Lot for chemical analysis, soundness, and decarburization.
A lot shall consist of all castings poured from the same master heat,
from a group of individual melts from the same master heat, or from an

individual melt submitted for inspection at one time.

*4.2.1.2 Lot for hardness, tensile, surface roughness, workmanship,
and dimensional inspections. The lot shall consist of all castings of
the same part number, from the same master heat, and in the same condition

submitted for inspection at one time

4,2.1.3 Lot for carbon restoration. A lot shall consist of all carbon
restored castings processed in the same heat treatment operation.

4,2.1.4 Castings shall be properlv separated by lots when presented

4,2.2 Sampling for lot acceptance inspection.

4.2.2.1 Sampling for visual and dimensional examination. Sampling
of castings for dimensional, identification marking, and workmanship
inspection shall be in accordance with the provisions of MIL-STD-105,

inspection level II, and acceptable quality level (AQL) 1.5 percent
defective (see 6.2).

10
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4.2.2.2 Sampling for soundness, decarburization, and carbon restoration.
Sampling for soundness and defects shall be as specified in MIL-C-6021
for the class of castings specified. One sample from each lot shall be
taken for test for decarburization and carbon restoration (see 6.2).

4.2.2.3 Sampling for packaging, packing, and ma_rk_ni, A random

sample of sh1np1ng containers for the inspection of 4.3.3 shall be selected

by the inspector in accordance with the provisioms of MIL-STD-105, inspec-
tion level II, AQL 4.0 percent defective (see 6.2).

fn S~

4.2.2.4 Sampling for tests.

*4.2.2.4.1 For chemical analysis. When snecified, three samples shall
be taken from each master heat and one sample from each remelting master
heat in accordance with methods 111 or 112 of FED-STD-151 or other
recognized methods for chemical analvsis (see 4.2.1.1).

4.2.2.4.2 Response to heattreatment. Three cast tensile test specimens
shall be supplied to represent each lot of castings and shall be in the
same condition as the castings unless the castings are delivered in the

final use condition, the test specimens shall, before testing, be heat-
treated to the condition in which the castings will go into service.
Test bars shall be in accordance with ASTM E 8. Lot acceptance will be

-l _

based on the tensile strength and hardness of the test bars and the

JUR. T Al D em o

hardness of the castings

4.2.2.4.3 Rejection criteria for tests. Failure of any sample to
conform to the chemical analysis requirements or tension tests shall
reject the remelted master heat or the lot of castings represented.

A 2 D A A PN o
4,2.2.4.4 For surface roughness and h

for surface roughness and hardness shall be in accordance with the pro-
visions of MIL-STD-105, inspection level 5 per

4.3 Lot acceptance inspection.

[
Ll
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4.3.2 Soundness inspection. Sample castings selected in accordance
with 4.2.2.2 shall be subjected to radiographic inspection in accordance
with the requirements specified (see 3.6).

4.3.3 Examination of packaging. The preservation, packaging, and
packing of castings and marking of containers selected in accordance with
4.2.2.3 shall be examined for conformance to the requirements of this
specification and the contract or order.

4.3.4 Place of inspections. Unless otherwise specified (see 6.2),
inspection and tests shall be conducted at the place of manufacture.
Initial production castings (see 4.1.1) shall be inspected at the lab-
oratory or activity designated bv the procuring activity.

4.3.5 Tests. The metheds of test for chemical composition, shall be
in accordance with FED-STD-151.

4.3.5.1 Chemical composition. Chemical analysis shall be in accor-
dance with method 111.2 or 112 of FED-STD-151.

4,3.5.2 Tensile tests. Tensile tests shall be conducted in accordance

with ASTM E 8. Round specimens should be used where practicable.

*4.3.5.3 Surface roughness. Sample castings shall be inspected in
accordance with NAS 823 or ANSI B 46.1.

4.3.5.4 Hardness test. Hardness tests shall be conducted in accordance
with ASTM E 18.

4,3.5.5 Decarburization and carbon restoration. Transverse sections
of finished castings selected in accordance with 4.2.2.2 shall be properily
mounted, polished, etched, and examined at a magnification of 500 diameters
for conformance to the requirements of 3.7.

5.1 Preservation. Preservation shall be in accordance with level A
or commerical, as specified in the contract or order (see 6.2)

[
N

~—_
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5.1.1.1 Cleaning. Castings shall be cleaned in accordance with method
C-1 of MIL-P-116.

5.1.1.2 Drying. Casting shall be dried in accordance with one or more
al oy a 1 = = T cmcnmamm Jiccnaa oL MTTY n_11«&
0f the applicable proceadures 0f MiL-P-110.

5.1.1.3 Preservative application. Immediately after cleaning and
drying, castings shall be coated with type P-2 preservative in accor-
dance with MIL-P-116 and wrapped in a greaseproof wrap.

5.1.1.4 Intermediate pack. When specified in the contract or order
(see 6.2), the castings shall be packed in folding boxes, setup boxes,
metal-stayed boxes, or fiber boxes conforming to PPP-B- 566, PPP B-676,
or PPP-B-636. All seams and joints, including manufacturer s joints,

shall be covered with water-resistant tape conforming to PPP-T-76.

5,1.1.5 Cushioning. When specified in the contract or order (see 6.2),
castings shall be protected on all sides with sufficient thickness of
cushioning material conforming to PPP-C-1120.

5.1.2 Commercial. Preservation shall be in accordance with FED-STD-356.

5.2 Packing. Packing shall be level A or B or commercial, as specified
in the contract or order (see 6.2).

mediate packs per pack. The number of intermediate packs

ey
per pack shall be as spe ecified in the contract or order (see 6.2).

astlngs that have b
1 d
P

s r 1ts equ1valent made
of material conforming to MIL-B-121 for case liners. The seams and clo-
sures shall be sealed with water-resistant material conforming to the
requirements of MMM-A-260. The gross shipping weight shall not exceed
200 pounds.
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wood boxes; conforming to PPP-B-585 (class 1), PPP-R-601 (demestie type),
and PPP-B-621 (class 1), respectively. The gross shipping weight shall
not exceed 200 pounds.

*5.2.,4 Commercial. Packing shalil be in accordance with FED-STD-356.

5.3 Marking.
—_—————a
$.3.1 Level A or B. In addition to any special marking required by
the contract or order (see 6.2), intermediate packs and shipping con-
tainers shall be marked in accordance with MIL-STD-129.

5.3.2 Commerical. Marking shall be in accordance with FED-STD-356,

*6.1 Intended use. Castings purchased under this specification are
1ntended pr1mar11y for use in the manufacture and assembly of military
mnn

roac emall cmmAd hiah aAnality and intwi
I<S ais, SV, Algn QuUaaslc i

6.2 Ordering data. Procurement documents should specify the following:

- T™: a1

P e U | PUIE S L At = LY S -,,,
d. litle, ddie, diu numoer oOor wni1s spec1Ilca i0on

b. The composition and condition of castings required
(see 1.2, 3.2, and 3.3).

c. Mechanical properties wnen special (see 3.4). Location
of test bars from castings should be indicated on the drawing.

A A
Q. ~pp

e. Details as to radiographic (internal soundness) requirements
(see 3.6).

f. Place of inspection and test, if different from 4.3.4. Number
of initial production castings and designated testing agency (see 4.1.1).

g. Level of preservation and packing required (see 5.1 and 5.2)

[—
£
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h. Intermediate pack and cushioning material when required
(see 5.1.1.4 and 5.1.1.5).

i. Whether level A or B or commercial packing is required (see 5.2).
j. Number of intermediate packs per pack required (see 5.2.1)

k. Special marking when required (see 5.3.1)

1. Special requirements (see 6.3).

m. Decarburization and carbon restoration requirements if
di fferent from 3.7.

n. Acceptable guality levels if different from 4.2.2.
6.3 Special reguirements. Among the special requirements that may

be applied to castings produced under this specification are impact tests.
In addition, simulated service or destructive tests may be required.

6.4 Definitions. The following definitions apply to this specifica-
tion.

*6.4.1 Mastexr heat. A master heat is the metal of a single furnace
charge which may be poured directly into castings or may be poured into
bars, shot, or ingots for remelting or metal blended as in 6.4.1.1.

*6.4.1.1 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 table I for the respective composition and that the total weight
of metal blended does not exceed 10,000 pounds. Ingot and bars may be
blended together, shot may be blended, but shot shall not be blended with
ingot or bars. When two or more master heats are blended, the resultant
blend shall be considered a master heat.

*6.4.2 Individual melt. An individual wmelt is metal remelted from
a portion of a master heat for pouring castings. If ailoying elements
other than those required for carburizing of deoxidizing are added to an
individual melt, that melt shall be considered an individual master heat.

15
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of MIL-C-10005(0rd), dated 12 September 1949, and MIL-S-22146(NOrd),

*6.6 The margins of this specification are marked with asterisks to
t

indicate where changes (additions, modifications, corrections, deletions)
Losrmn Slo mesmir:t mite S oo ava mada Thie wae Aanea ae o Arnmirant ancra Aan le
A4V LIIC P‘ CVAVUD 4AJIUV WLV HIBUY . A514Ad WEBID UVMVIIV B0 © WWVWITSIIAVIIVG VI ‘,

and the Government assumes no liability whatsoever for any inaccuracies

in these notations. Bidders and contractors are cautioned to evaluate

the requirements of this document based on the entire content irrespective
of the marginal notations and relationship to the last previous issue.
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