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MIL~I-46182 (MR}
23 February 1982

MILITARY SPECIFICATION
IRON CASTINGS, SPHEROIDAL GRAPHITE (EXTRA TOUGH)
This specification is approved for use by the Army Materials and
‘Mechanics Reseach Center, Department of the Army, and is avail-

able for use by all Depdrtiments and Agencies of the Department of
Defense.

l.i‘lggggg, This specification covers the requirements for heat-treated
spheroidal graphite iron castings for use where a spheroidal graphite iron
_{also known as ductile iron and nodulax iron) with maximum nptch toughness is
wrequired {see 6.1}.

2. APPLICABLE DOCUMENTS

2 L Govegnmént documents.

2.1.1 Specificatlons and standards.  Unless otherwise specified (see 6.2},

- the following specifications and standarda of the issue listed in that issue
of the Department of Defense Index of Specifications and 8tandards (DODISS)

' specified in the solicitation, form a part of this spec;fication to the extent

specified berein. o

S?ECIFICAEIONS _
* FEDERAL
PPP~B-585 - Boges, Wood, Wirebound
PPP-B~601 ~ Boges, Wood; Cleated-Plywood
PPP-8~621 = Boxes, Wood, Nailed and Lock-Corner
PPP-C-843 ~ Cushioning Matérial, Celinlosic
MILITARY

MIY~P~116 -~ Preservahian, Methods of '

MIL-B-121 - Barrier Material, Greaseproofed, Waterproofed, Fleaible

MII~C~132 = Crate, Wood, Open; Maximum Capacity 2,500 Pounds - ‘»f

MIL-L~10547 - Liners, Case, and Sheet, Overwraps Water-vaparp:oof or
Waterproof, Flexible

Beneficial compente (recommendations, additions, deletions) and any pertinent

data which may be of use in improving this document should be addressed to:

Dirxector, US Army Materials and Mechanics Research Center, ATTN: DRXMR-S8S,

- |Watertown, MA 02172 by using the self-addressed Standardization Document
Iaprovement proposal {DD Form 142R) annsaring ab tha and af Fhia Anrmmant Or

by letter. - '
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STANDARDS
 FEDERAL |
FED. TEST METHOD STD. NO, 151 - Metals, Test Methods

MILITARY
 MII~8TD=10 - Surf:‘ace Rougbness, Waviness, and Lay
MIL-81D-105 -~ Sampling P:ocedures and Tables for Inspection. by Attri-
. ‘butes
MIL~-STD-129 ~ Marking for Shipment and Storage
MIL~STD=130 =~ Identification Marking of US Military Property

- MIL~STD-271 =~ Nondestructive Testing Requirements for Metals
MIL~3TD-1188 ~ Commercial Packing of Supplies and Egquipment

{Coples of specifications and standards required hy manufacturers in connec-
~tion with gpecific acguisition functions should be obtained from the contract-
ing activity or as directed by the contracting officer.)

2.2 Othar publicationg. The following documents form a part of this speci-
fication to the extent specified herein. The issues of the deccuments which
are indicated as DoD adopted shall be the issue listed din the current DODISS
and the supplement thereto, if applicable.

mazcm SOCIETY FOR TESTING AND MATERIALS {ASTM) Standards

ASTM A327 - Impact Testing of Cast Irons
ASTM BB -~ Tension Testing of Metallic Materials
ASTM E10 ~ Brinell Hardness of Metallic Materials, Test for
ASTM E186 ~ Standard Reference Radlographs for Heavy-Walled (2 - 4-1/2
- inch ~ 51~114 mm) Steel Castings
ASTM B446 ~ Standard Reference Radlographs for Steel Castinga Up to 2
' ‘ inches (51 mm) In Thickness

(Application for copies should be addressed to the American Sacietjr for
Testing and Materials, 1916 Race Street, Philadelphia, PA 18103.)

{Industyy association specifications and standards are generally available
for refereme from libraries. They are also distributed among technical
groups and uping Federal agencles.)

2.3 Order of erecegeme. In the event of a confliot betwaen the text oﬁ
this specification and the references cited herein, the text of this specific~

ation shall take ptecadenee.
3. REQUIREMEN‘J.’S

3,1 _lggi_;eria}.g and procegs. Materials and process shall be such as to pro-
duce graphite ix:on castings conforming to the xequirementa of this specifica-
tion. ‘
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3 2 Chemical ¢ ‘position. Castings shall conform to the chemical reguire-
ments shown in table I. ‘

TABLE I. Chemicaljrequirements

8ilicon Phosphorus’ Titanium
(Magimum} » (Maximum) o {(Max imum)
2.2% , 0.05% ' 0,054

3.3 Mechanical properties. Unless otherwise apeéified in the contract or
order (see 6.2), the mechanical properties of castings in the heat-treated
condition shall be as shown in table II. '

TABLE II. ‘Mechanical prqgmgtiesl

Tensile strergth - ‘ - 85,000
psi (minimum) ‘

Yield strength 0.2 percent offset . 37,000
pai (minimum)  ‘

Elorngation in 2 inches - © o 20.0
percent {minimum)

Charpy V=-notch 20°F (“6.7°C)‘Impaat,streng£h - 10
f£t~1bs {(minimum)

Brinnel Hardness {maximum)‘ . _ ;75

3.4 Condition. Castings shall be furniahed in the heat~treated condition |
{gsee 6.4}. Heat treatment shall be such as to p:adure the mechanical proper-
_ties of 3.3. Heat treatment shall be performed on the whole casting, never on

a part only. -~ ‘ '

3.5 Soundness. Castings shall be. of uniform quality, free from shrinks,
cold shuts, cracks, harmful porosity, or other defects which would make the
casting unsuitable for its intended use. Castings shall conform to the speci-
fied class of Radiographic Standards for Steel Castings, ASTM E446 and ASTM
E1l86, The area or sectlon of casting to be radiographed ehall be specified in
the drawing, contract or order.

3.6 ”Surface of eaatings. Castings shall be sandblasted, grit-bhlasted, or
tumbled after: heat treatment and shall be free from harmful defects.

3.7 Repairing of defects. Castings shall not be welded, plugged, or
repaired in any manner without written permission from the procuring :
activity. DPermission.to repair defective castings, when grated by the procur=~
ing activity, shall not relieve the contractor of his responsibility for meet-
Lng all taquixements of the drawings or the specificatian.

Y
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3.8 Dimensions. The responsibility of furnishing castings that can be laid
out and machined to the finished dimensions, within the specified tolerances
as shown on the applicable drawings, shall rest with the contractor. Suffic-
ient stock shall be allowed for shrinkage and, where reguired, for finishing;
but castinga of excessive size or weight shall not be furnished.

3,9 Identification marking. Castings cavexed by this specification shall
be legibly and permanently marked in accordance with the rejuirements of
MIL-8TD~130 and the applicable drawings. Unless otherwise specified in the
contract or order (see 6.2) and provided the size of casting is large enough
to permit marking, each casting shall be identified with the pattern or part
number by the use of raised numerals as shown on the applicable drawings.

When the locatlon of the marking is not shown on the drawings, the number ,
shall be so located that it will not be obliterated or removed by any machin-
ing operation,

3.9.1 Castings may be marked by impresasion stamping when specified on tlaa
applicable drawings. When the location of the impreasion marking is not shown
‘on the drawings, the marking shall be located in such a manner as to minimize
the damger of having a deleterious eﬁfect on the static or fatigue strength of

the casting.

3..10 Worhnagsnig. The workmanship shall be such as will produce acceptable
castings in accordance with the reguirements of this specification, the
applicable drawings, and the contract or order. Runners, risers, fins, and
other cast-on pleces shall be removed. '

4. QUALITY ASSURANCE PROVISIONS

4.1 Responaiblity for inspection. Unless otherwise specified {n the con~
tract or purchase order, the contractor is responsible for the performance of
all ingpection requirements as specified herein. Except as otherwise speci-
fied in the contract or purchase order, the contractor may use hia own or any
other facilities suitable for tiwe performance of the inspection requirements
gpecified hereln, unless disapproved by the Gowernment. The Government reser~
ves the right to perform any of the inspections set forth in the specification
where such inspections are deemed necessary to assure aupplies and ser vices
conform to prescribed reguirements.

4,2 Lot. For purposes of sampling, a lot shall consist of all castings of
the sane pattarn, or of some critical section size cast from tha same inocu~
lated ladle and heat-treated in the same furnace heat~treating charge, or if
the heat-treating furnaces are provided with recording pyrometers, subjected
to the same heat treatment;y or if heat treated by a continuous process, sub~
jected to the same heat treating cycle. ‘ ‘
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4.3.1 Sappling for lot accéghtamg inspection.
4.3.1.1 For visual gj gg‘ dimensional exan ;naguiom S‘;mph.ng of castings for

visual and dimensional inspection shall be in accordance with the provisions
of MIL-5TD~105, inspection level XI, and acceptable quanty lavel (AQL) 1.5
, percent dafective,

4.3.1.2 For soundness. sampling of ‘castings for soundness inspection shall .
be in accordance with the provisions of MIL-STD-105, inspection level II, and
acceptable guality level (AQL} 1.0 percent defective.

4.3.1.3 a, A random sample of shipping
containers for the inapection of 4. 4 5 ahall be selected by the Government
inspector in accordance with the provision of MIL~-STD-105, inspection lewél
1Y, acceptable quality level (AQL) 4.0 percent defectiwve.

4.3.1.4 Samplim fgr tests.

4. 3.1.4. 1 For chemical a%lgs;s. One sample shall bhe obtalned from each
lot in accordance with Fed. Test Method Std. No. 151, Method 111, for chamical
analysis. Drillings for chemical analysis shall be taken from ladle sanples,
broken test specimens, or from castings selected by the Government inspector.

4.3.1.4.2 For tension and impact tests. At least two representative test
spacimens (one for tension tegta and one for impact tests) shall be taken from
each lot of castings. Test specimens shall be taken from separately cast "¥"
blocks as shown in Figurez 1 and 2. A separately cast l-inch keel block as
shown in Figure 3 may be substituted in lieu of the l~-inch "¥" block, at the
option of the manufacturer. The size of coupon cast to represent the lot of
castings shall be the style of block I, II or III (Figure 1) with "A" Qimen-
sion closest to the thickest section of the casting. The test sample shall be
heat treated with the lot of castings represented. Test samples shall be
ponred with approximately the last castings of the lot.

4 3.1.4.2.1 When agreed upon by the Government and the contractor, castings
may be used as test sampled. Whan castings are used for test samples, the
game primiplea as to some of pouring shall be observ\ed.

4.3.1.4.3 EFor hardness tests. Sampling oﬁ caatinga for hardﬁeas tests
shall be in accordance with the provisions of MIL-S*:?D-105, inspection level
II. and acceptance quality level (AQL) 1.5 percent. .

4.3.1.4.3.1 @When agreed upon by the Government and the contractor, the test .
specimens selected for tension and impact tests may be used for hardness tests.,
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444 Lot soveptancs inspection.
| 4.4.1 Yigual and dimenalonal esamination. Sample castings selected in

accordance with 4.3.1.1 ahall be inaspected to determine conformance to the
dimensional requirements of 3.8, the identification marking of 3.9, and the
workmanship requirements of 3. 10, :

. 4.4.2 Soundness inspection. BSample castings selected in accordance with.

4.3.1.2 shall be subjected to magnetic particle inspection and radiographic

inspection in accordance with the provisions of MIL~-STD-271 to determine con=-

formance to the soundness reauirements of 3.5. The magnetic particle inspec—

tion shall be performed on castings with surface roughness not to exceed
250RHA as interpreted in accordance with MIL~STD-10.
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FIGURE 1. "¥" block casting
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FIGURE 2, Location of-test £p
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NOPE: Length shall be 6 inches long.

FIGURE 3. Keel block casting
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 4.4.3 Preservation, packaging; packing, and marking. The inspector shall
ascertain that preaervation, packaging, and packing of castings and marking of
containers selected in accordance with 4.3.1.3 is in ‘accordance with the
requiremnta of this specification and the contract or order.

4.4.4  Place of 1nggectiog. Uniess otherwise epecified (see 6.2), inspec-
tion: and tests shall be-conducted at the place of manufacture.

4, 4.5 Teats.

4.4.5.1 Chemical composition. Unless otherwise specified, the samples
selected in accordance with 4.3.1.4.1 shall be analyzed in accotdance with
either Method 111 or 112 of Fed. Test Method Std. No. 151 to determine con—
formance to the chemlcal requirements of 3.2. ~

4.4.5.2 TPension tests. Test specimens prepared and selected in accordance
with 4.3,1.4.2 8hall be tested in accordance with ASTM B8 for conformance to
- the tenaile properties of 3.3.

4.4.5.2.1 Yield strength. Yield_«atrength ghall be determined by thé offaet
method as desoribed in ASTM BS. The limiting set dhall be 0.2 percent {0,002
Areh per inch of gage length ).

4.4.5.3 Impact tests. '"est specinens selectad in accordance with 4.3.1.4.2
shall be machined to the dimensions of a V-notched Charpy specimen and tested
at 209 (-6.7°C) in accordance with ASTM A327. Three Charpy V-notched
specimens shall be tested and the average of the impact strength obtained on
these specimens shall be used to determine compliance with requirements of 3.3.

4.4.5.4 Hardness tests. Test specimens selected in accordance with
4,32 1. 443 shdll be tested 1n accordance with ASTM E.w for conformame to the
hardness :equirements of 3 3.

4.5 Rejection and gteg . If a test gpecimen fails to conform to the
requirements of this specification, the lot represented by the specimen shall
be rejected. ' If the failure is due to improper heat treatment, the lot may be
reheat-treated and resubmitted. Only one such reheat treatment shall be per—
mitted., Retests shall be permitted in accordance with the procedures set
forth in the. applicable sections of Fed. Test Method Std. No. 151,

- 5. PACKAGING

y 5,1 General: gguiregem: . Castings shall be prepared for shipment in

T accordance with Level A, Bor C, as. specified in the contract or order (see
6.2) ..

5.1.1 Cleaning and drying. Castings shall be cleaned and dried in accord-
ance with the procedures of MIL-P=116, prior to any preszervation.
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5.2 ‘Preeefvgtion‘ané éadkagigg.
5¢2:.1 Level

5.2.1.1 $Small castings. Castings weighing less than 150 1bs shall be
coated with a P-2 preservative in accordance with MIL-P-~116 and individually
wrapped in Grade A greaseproof barrier material conforming to MIL-B-121 prior
to placing them in containers. Any casting or portion of a casting which may
be damaged in shipment shall be propetly cushioned with cellulosic material
confozming to PPP-C—B&S. _

5.2:1+2 Other caetggg . Castings weighing over 150 1hs will not reguire
packaqing. :

5.2.2 Leavel B, Not applicable.

5.2.3 Level ¢. Castings shall be preserved and packaged in accordance with
manufacturer's commercial praotice. ,

5.3 Packing.

5.3.1 Lgvel A

5.3.1.1 Small castings., Castings packaged in accordance with 5.2.1.1 shall
be packed in cleated plywood or nalled wood boxes conforming to PPP-8-601
{overseas type) or PPP-8-621 {Class 2). 8hipping containers shall he lined
with a pealed waterproof ocase liner conforming to Class 2 of MIL~L~10547 and
gealed in accordance with the appendix thereto. Gross weight of the shipping
container shall not exceed 200 lbs. : «

5.3.1.2 Other castings. Castings weighing more than 150 lbs and subject to
damage in shipment shall be packed individually, or in multiple units with
adequate blocking and bracing in cleated-plywood boxes, nailwood hoxes, or
open wood crates conforming to PPP~B~601 (overseas type), PPP-B~621 (Class 2),
or MIL-C~132, as applicable, The casting shall be securely bolted, braced,
blocked, or strapped to prevent shifting or damage within the container. The
gross weight shall not axceed 500 lbs unless individual castings exceed this

welght.
5.3.2 Lavel B

 5.3,2.1 $Small castirgs. Castings weighing less than 150 1lbs and packaged
in accordance with 5.2.1.1 shall be packed in wirebound wood; cleated-plywood,
or nailed wood boxes conforming to PPP-B-585, PPP-8-601 (domestic type), or
PPP~8~621 (class 1), respectively. Gross weight of ahipping container shail
not exceed 200 1bs, . ‘
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5.3.2,2 Other castings. Castings weighing more than 150 pounds shall he
packed in cleated~plywood boxes, nailed wood boxes, or open wood crates con-
‘forming to PPP-B~-601 (domestic type), PPP-B~62) (Class 1}, or MIL~C-132, res-
_pectively. The castings shall be securely bolted, blocked, braced, or strap~
ped to prevent shifting or damage within the container. The gross weight
should not- exceed 500 lbs unless individual castings exceed this weight.

5.3.3 Industrial. The: caatings shall be packesd in accordance with the.
requirements . of MIL-STD—llBE.

5. 4 Marking. In addition to any special mérking required by the contract
or order (see 6,2), shipping containers shall be marked in accordance wih
MIL-STD—lZQ.

6. ,xwms

6.1 Intended use. This specification covers a'grade of spheroidal graphite
iron intended for use where maximum notch toughness is required. It is recom—
mended that the iron covered by this specification be used only where notch
toughness is essential.

6.2 Ordering data.

6.2.1 Acguismition requirements. Acgquisition documents should specify the
following: .

a. Title, date and number of this specification

b. Mechanical properties, if different from 3.3

¢. Applicable drawings. or dimensions of castings :

d. Size of tension and lmpact test specimens reguired (see 4.3.1.4.2)
e. Place ¢f inspection and test, if different from 4.4.4

£f. Reguired levels of packaging and packing (see 5.2 and 5 3)

g. 8pecial marking, If different from 5.4

6.3 Materials and manuﬁacturing PLOCESS.

6.3.1 Materials. Pig iron of the following ccmbdsition has been uzed for
making nodular graphitic iron castings covered by this specification.

Carbon - 3450=~4.25 percent .
‘BSulfur - 0.035 percent maximum
Phosphorus ~ 0.035 percent maximum
8ilicon - 1.0 percent approximate
fitaniom - 0.06 parcent maximum

6.3.1.1 Subversive elements. The following elements are considered to have
- a deleterious effect upon nodularization: Antimony, lead, bismuth titanium,
arsenic, copper, chromium, and tin. BEvery effort should be made to use raw
materials free of these elements and also to keap them from contaminating the
cast iron melt. Very small percentages of mischmetal additions in the order
of one and on-half ounces per ton can overcome the advwerse effects of theése
alements, , _ .

el e
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6.3.2 Manufacture., WNodular graphite‘cast iron is ordinarily made by adding
elther magnesium or cerium to the molten iryon. Magnesium is usually added as
‘a master alloy (Ni-My or Fe~8i~Mg), while cerium is added as mischmetal. A
more recently developed method is the adding of pure magnesium powder to the
molten iron in a sealed ladle. Following the addition of the nodulizing
agent, the melt 1s treated with silicon by adding ferro~silicon or calcium.
silicon alloy. NOTE: The addition of magnesium to molten i:on is bazardous
and suitable preaauticna must be observed.

6+3.3 _C}QM. Nodular iron may be used for casting intricate shapes.
Its castability is similar to that of some casting brasses and bronzes; :
slightly less than gray iron and better than steel castings. ’

6.4 Beat treatment. The following heat treatment procedure is given for
information purposes only as a guide in producing fu.l.ly Eerritic nodular
graphitic iron castings:

Heat casting to 1650%F (889°C), hold at thia temperature for a
minimum of two hours per inch of cross section; cool in furnace to 1350 -
1278°F (732 =~ 691°C) and hold this temperature for 15 to 24 hours; cool in
furnace to below 700°F (371°C)s the castings may then be cooled in air to

room temperature.

6.5 Tamper embrittlement in nodular cast irons. Scme lrons covered by this
specification, heat treated in accordance with 6.4 are embrittled when given

further heat treatment such as stress relleving at temperatures within the
range 742 = 1112O0F (400 ~ 600°C)., Maximum embrittlement is obtained in

. the temperature range 842 - 9320F (450 -~ 500°C). This embrittlement may
 reduce the notch toughnesa of the iron castings below minimum reguirements of
this specification. Therefore, for these irons, stress-relief heat treatment
ghould be performed at temperatures not within the embrittlement temperature
range and these irons should not be selected for service where these iron .
castings are heated in use to temperaturea within the embrittlement tempera-

turag range.

6.6 Preparation for delivery ariteria, Criteria for use of the proper
level of packaging and packing shall be as follows:

6.6.1 Level A. This level shall be used for those items which are to be -
shipped to indeterminate destinations or stores under indeterminate conditions
for ::edist:ibution anywhetes )

6.6.2 Level B. This level shall be used for protection against dainage dur-
ing multiple domestic shipments, handling, and cowvered storage.

6.6.3 Level G (industrial), This level shall be used only when it is
 definitely known that the packaged ltem is to be shipped to domestic
installations for immediate use at the first recelving activity.

Custodiant . « Preparing activity:
Army - MR ' ‘ ‘ ' Army - MR
Review activity: Project No. MECA-A0SL

Army - AR, £M
(WP#'s DISC 0041A/ID 2062A FOR wgc USE ONLY)





