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MILITARY SPECIFICATION

MAGNESIUM ALLOY CASTINGS, HIGH STRENGTH

This specification is approved for use by the U.S. Army
Materials Technology Laboratory, Department of the Army, and
is available for use by all Departments and Agencies of the
Department of Defense.

1. SCOPE

1.1 Scope. This specification covers high strength magnesium alloy
castings produced by any casting method.

1.2 Classification. The castings are classified as to alloy and temper as
follows:

UNS No. =

M101OO
M11914
m1920
M1331O
M18220
M1641O
M16630
M16620
M1651O
M1661O

AM1OOA-T6 (Permanent mold casting only)
AZ91C-T6
AZ92A-T6
HK31A-T6
QE22A-T6
ZE41A-T5
ZE63A-T6
ZH62A-T5
ZK51A-T5
ZK61A-T6

2. APPLICABLE DOCUMENTS

2.1 Government documents.

Beneficial comments (recommendations,additions, deletions) and anY Pertinent ]
data which may be of use in improving this document should be addressed to:
Director, US Army Materials Technology Laboratory, ATTN: SLCIfT-MSR-ES
‘Watertown,MA 02172-0001 by using the self-addressed Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end of this document or

/ AREA MECA/

NO DELIVERABLE DATA REQUIRED BY THIS DOCUMENT

DISTI?Ii3UTIOlJSTATEMENT A Approved for Public Release; Distribution Unlimited.
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2.1.1 Specifications, standards, and handboaks.
specified, the follawing specificati~ns, standards,

Unless otherwise
and handbooks of the issue

listed in that issue of-the Department of’Defense Index of Specificationsand _
Standards (DoDISS) specified in the solicitation form a part af this
specification to the extent specified herein.

SPECIFICATIONS

MILITARY

MIL-M-6857 - Magnesium Allay Castings, Heat Treatment of
NIL-I-6866 - Inspection, Penetrant Method af

STANDARDS

FEDERAL

FED-STD-151 - Metals, Test Methads

MILITARY

mL-sfrxh129 - Marking for Shipment and Star’age
MIL-STD-453 - Inspection, Radiographic
MIL-STD-649 - Aluminum and Magnesium Products, Preparati~n far Shipment

and Storage
MIL-STD-2175 - Casting, Classificationand Inspection of

(Copies of specifications, standards, handbooks, drawings, and publications _
required by manufacturers in connection with specific acquisition functions
should be obtained from the contracting activity or as directed by the
contracting officer.)

2.2 Other publications. The following document(s) form a part of this
specification to the extent specified herein. The issues of the documents
which are indicated as DaD adapted shall be the issue listed in the current
DoDISS and the supplement thereto, if applicable,

American Satiety for Testing and Materials (ASTM) Standards:

E8 - Tension Testing of Metallic Materials
E 155 - Reference Radiographs far Inspection of Aluminum and Magnesium

Castings

(Application for copies of ASTM publications should be addressed to the
American Society for Testing and Materials, 1916 Race Street, Philadelphia,
Pennsylvania 19103.)

(Industry association specifications/andstandards are generally available
for reference from libraries. They are also distributed among technical
groups and using Federal agencies.)
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2.3 Order of precedence. In the event of a canflict between the text of
this specification and the references cited herein, the text of this
specification shall take precedence.

3. R~QuIREMIJNTs

3.1 ??epr~ducti~n.

3.1.; Sample castings. Unless otherwise specified in the invitation for
bids, contract or order, prior to production, preproduction sample castings
shall be fi~rnishedwhich will be paured frm the metal ?ep?esenting the
cmp~siti~n to be used in production. The number of sample castings and
i~rati~n at wk,ichinspection shall be perfo~med shall be as specified by the
procuring activity. The castings shall be representative of methods of
E31tiiRg,gating, risering, padding, chilling, pauring and heat treatment to be
used in production castings. The prepraduction samples shall be subject to
any Jr all tests in this specification, ~s specified in the invitation for
bids, contract or order and may be subject to sectioning by machining or
sawinc to determine soundness. NO changes shall be made in the production of
castings after acceptance of the preproduction samples without the apprwal of
the pracur]ng activity.

7’72---- F~undry pr~ceciu?e. After acceptance of tk.esample castings, the
~~~dticer~hall prepare the faundry pr~c~dure upon a form appraved by the..
pracu~ing activity which covers the casting meth~d f~? the accepte? castings.
This procedure should Shoh’ the following as a minimun:

(a) Drawings, sketches, or photo~raphs sh~wing gati~g and rist??ing
including size ~f gates, risers, ?unners and dswnsprues.

(b) D?awings, sketches, ~r ph~tographs sh~wing location, size, and
material of chills.

(c) Type of mold and core nateriei.

(c?) Pouring temperature range (Minimum and Maximum Ladle
Tenperatu~es).

(e) Heat Treatment.

~3Fi~S >f the prscedure shall be the ?r~~er?:~~f’tb.epraducer and shall be
.e~alned by the producer? and may be reviewed at the pr>ducer’s plant by the
wF?eser.tative af the procuring ac%ivtty.

~.1.~ Procedure changes Any change i~ f~llndryprocedure, without written
asth~-it;?~? the procuring activity t~ t;bez~ntz’ary,shall ?equire the
resukmittal of’sample castings for inspection. The writte~ pracedure shall be
ck?xgoc!after accepta~ce af the resubmitted castings.

3,2 Chemical compositi~n. The chemical composition of the castings shall
.reet+.h.c ~ea-u<rementsf~r the specified all~.yas sh~w~ in table 1. A ladle
anal;{sisof each l~t shall be furnished by the producer.

L
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Table I - Chemical composition, percent

Mangan- other
Magne- ese, Silican, Copper, Nickel, Rare elements

Alloy sium Aluminum ~1 Zinc min. max, max. max. earth Zirconium Thorium max.
I

AM1OOA Rem. 9.3-10.7I 0.30 max. 0.10 0.30 0.10 0.01 -- -— 0.30
AZ91O Rem. 8.1-9.3

--
.40-1.0 .13 .30 .10 .01 -- .30

I Az92A
--

Rem. 8.7-9.7
--

1.6 -2.4 .10 .30 .10 .01 -- .30
HK31A

.-
Rem. -- ‘,0.30max. --

--
.10 .01

QE22A1/ ‘5.5 -6.o -- ==
0.50-1.0 2.5-4.0 .30

Rem. -- .10 .01 1.8 ~&/
ZE41A

.40-1.0 -- .30
Rem. -- 3.5-5.0 .15 -- .10 .01 0.75-1.75 .40-1.0 -- .30

ZE63A Rem. -- 5{5-6.0 -- -- .10 .01 2.0 -3.02/ .40-1.0 -- .30
ZH62A Rem. -- 5’5-6.2 -- --

(
.10 .01 -- .50-1.0 1.4-2.2 .30

ZK51A Rem. -- 3,6_5.5 -- -- .10 .01 --
ZK61A

.50-1.0 -- .30
Rem. -- 5.5-6.5 -- -- .10 .01 -- .60-1.0 -- .30

~
I/Silver in QE22A - 2.0-3.0 percent

$. y
k2/R.qreearth in QE22A as didymium— /=m

~/Rare earth in ZE63A as cerium mischmetal
o0m
n
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Tabie II - Mecha~ical properties, from designated areas of castings

>.

Tensile Yield strength, Elongation,
strength, ksi,(MPa) min., 0.2 percent,

Al]~;l Temper ClassZ/ ksi,(MPa) min. percent ~ffset min.

38(262)
35(241)
30(207)

20(138)
18(124)
16(110)

3
1.5
1

AZ91C T6

T6

T6

T6

T5

T6

T5

T5

T6

35(241)
29(200)
27(186)

18(124)
16(110)
14(97)

A

3
2

Az92A 40(276)
34(234)
30(207)

25(172)
20(138)
18(124)

3
1
0.75

HK31A 33(228)
29(200)
25(172)

1
2
3

16(110)
14(97)
12(83)

6
3
1

QE22A

-.
zE41A

40(276)
37(255)
33(228)

28(193)
26(179)
23(159)

1
2
3

4
2
2

2.
2
3

32(221)
29(200)
27(186)

22(152)
20(138)
19(131)

5
3
2

ZE63A 42(290)
40(276)
37(255)

28(193)
26(179)
24(166)

1
2
3

6
5
4

ZH62A 38(262)
34(234)
31(214)

1
2
3

23(159)
21(145)
19(131)

5
3
2

ZK51A 36(248)
32(221)
29(200)

1
2
3

21(145)
19(131)
17(117)

6
4
3

ZK61A 42(290)1 29(200) 6
37(255) 26(179) 4

; 34(234) 23(159) 2

~/For permanent mold castings for allay AM1OOA-T6.

.?/See6.3.
<.
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3.2.1 Check analysis. When specified in the contract ar order, the
chemical composition shall be subject to check analysis by the Government.

3.3 Mechanical properties. (see 6.2and 6.3). The mechanical properties -
shall meet the following requirementsas specified on the drawing ~r in the
contract or order:

(a) Test specimens taken from specified sections of the castings shall
meet the requirements for the specified alloy and class as shown
in table II.

(b) Test specimens taken from castings in unspecified areas af
castings shall meet the requirements for the specified alloy as
shown in table III.

Table III - Mechanical properties, specimen taken
from unspecified areas of castings

Tensile Yield strength, Elongation,
strength, ksi,(MPa)min., 0.2 percent,

All~y Temper ksi,(MPa)min. percent affset min.

AM1OOA
AZ91C
AZ92A
HK31A
QE22A
ZE41A
ZE63A
ZH62A
ZK51A
ZK61A

T6
T6
76

!r6
!T’6
T5
T6
T5
T5
T6

17(117)
17(117)
17(117)
19(131)
28(193)
24(166)
32(221)
28(193)
24(166)
30(207)

10(6~)
12(83)
13(90)
10(69)
20(138)
17(117)
22(152)
17(117)
14(97)
21(145)

0.75
.75
,50

1.0
1.0
1.25
2.5
1.25
1.25
1.25

(c) Mechanical properties sf castings tested in full section shall be
as agreed upon bet~ieenthe supplier and procurin~ activity.

3.3.1 Heat treatment. Rest treatment af castings shall be conducted in
accordance with MIL-M-6857 to meet the mechanical properties specified in 7.3.

3.4 Saundness. Unless atherwise specified in the invitation for bids,
contract or order, the castings shall meet the radi~graphic requirementsf>r
the specified grade in table IV. Radiographs shall be campared with the
comparable ASTM E 155 reference radisgra?hs for the Particular imPerfe~t~~n
and shall be equal to or less severe than the reference radiograph number
shown in table IV. Imperfections n~ted as “none” in table IV shall nat be
present in the castings. When no grade designation is specified on the
drawing or in the cantract a? order, grade C shall apply to all areas marked
“critical” and grade D to unmarked areas.
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Table IV - Maximum acceptable defects; maximum permissible
radiographic reference in accordance with ASTM E 155.

Radiographic Grade Grade Grade Grade

Defects reference~/ A B c D

Gas holes

Microshrinkage (feathery)

Microshrinkage (sponge)

Foreign material (less dense)

Foreign material (more dense)

Eutectic segregation (flowline)~/

Eutectic segregation (hot tear)~/

Eutectic segregation
(pipe shrink)Z/

Eutectic segregation (micro-
shrinkage type)~/

Gravity segregation?/
>.

Reacted sand inclusions

Vo l I 1.1

vol I 2.31

vol I 2.32

Vol I 3.11

VOI I 3.12

Vol 11

Vol 11

Vol II

Vol 11

Vol II

Vol II

None

1

1

1

None

None

None

None

1

~

1

1

1

1

2

1

Note 3

Note 3

None

2

1

3

2

2

2

3

1

Note 3

Note 3

Note 3

3

2

4

3

3

3

4

2

Note 4

Note 4

Note 3

5

3

6

~/Use 1/4 in (0.64 cm) section referenced radiographs.

~/Ratings for segregation for Zr-containing alloys.

A1-ZN type alloys shall be rated:

Grade A
None

Grade B
None

Grade L’
1

Grade D
1

~/ Allowed up to 1/2 the amount shown in reference radiograph.

&/ Allowed up to the amount shown in reference radiograph.

3.5 Surface imperfections. The castings shall not contain cracks, laps, or
cold shuts. When specified in the contract or order, castings shall be
examined for imperfections by the liquid penetrant ❑ethod.

3.6 Repair of castings. Castings shall not be welded, plugged or
impregnated without written authorization of the procuring activity. When
impregnation to prevent leakage is authorized a written procedure of the
method shall be prepared by the producer and all castings so treated shall be

%. identified by the symbol IMP.

7
—
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3.7 Dimensions and tolerances. The dimensions and tolerances shall be as
specified in the drawing o r contract or order.

3.8 Identification marking. Castings shall bear the producer’s name or
symbol, melt number, and part or pattern number except castings of small -
size. Such marking shall be dcme by stenciling methods or similar techniques.

3.9 Workmanshi~. Castings shall be clean and free of defects injurious to
their intended use.

8
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4. QUALITY ASSURANCE PROVISIONS

c~ritractor purchase order, the supplier is resp~nsible f~r the performance of
91? inspection requirements as specified herein. Except as otherwise
specified in the contract ~r order, the supplier may use his awn facilities or
a~y Other facilities suitable far the perf’~rna~ceZ? the :nspecti~n
requirements specified herein, unless disapp~cved by the Government. ‘The
~~ve~~~ent reserves the right to perf~~n an”:Jf the icspectizns set f~~th in
the specification where such inspect$~ns are deemed necessary ta assure
su~plies aficsewices canform ta p?esc?i.bed~eq~%rements.

4.2 Classification of insDecti3n.

.1.2.1 Prepr3ducti2n tests. ?reprxlucti~~ testing shall cor.sist~f all
tests antiexaminations specified herein to assure conformance to all
req’~irem.entsin section 3 of this specification lunlessotherwise specified in
the invitation for bids, contract Jr arder.

L.;.2 Gtialityconformance tests. Quality conf>rrance testing shall canform
to all of the provisions specified in section 4 of this specification, unless
~tti.erwisespecified in the invitation f>r bids, c~~tract ~r Order.

4.3 :3:. A lot shall consist of the number of castings, of the same alloy
~~ti,3: = same Dart or pattern numbers which are produced from the same melt
~r ?>t, antiaye heat treated by the same heat treatir,gprscedu~e. A 1st shall
no: exceed iOOO pounds (453.6 kg) ~f r~ugh castings.

4.4 Sampling.

4.4,1 ~~~ ~~e~ical analysis. ?{hencheck a~al:~sis 2s specified, at least
one sample shall be taken from each lot (see 4.3 and 6.6) for analysis as
direc:ed b::the pracurin~ activity.

4.~.2 Far mechanical properties, UnlL?SS~the~wise specified in the
invitati~~ f>r bitis, co~tract, or order, sampling Jf each lot for mechanical
pr~pert::testing shall be in accordance with ta’cleV.

Table V - Sampling for mechanical properties

Lot size Sample size

1-50 1
51-200 2
201 and ~ver 2 peycent

4,4.3 For saundness. Each lot shall be sampled far radiographic inspection
in accordance with the frequency as speci?ied in MIL-ST’D-2175.

--

9
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4.4.4 For surface imperfections determination.
inspection shall be as specified by the procuring

4.5 Examination.

Sampling for penetrant
activity.

4.5.1 Visual. All castings shall be examined for compliance with the
requirements for surface imperfections (see 3.5), repair of castings (see
3.6), identificationmarking (see 3.8) and workmanship (see 3.9).

4.5.2 Dimensions and tolerances. The first casting in each lot plus one
out of every 10 castings in each lot shall be measured for compliance with the
requirements for dimensions and tolerances (see 3.7).

4.5.3 Preparatim far shipment. Examination of the preservation,
packaging, packing, and marking for shipment shall be made for conformanceto
the requirements of section 5,

4.6 Tests.

4.6.1 Test specimens.

4.6.1.1 Chemical composition. Samples for chemical check anaslysis shall
be in accordance with method 111 or 112 of FED-STD-151.

4.6.1.2 Mechanical properties. Tension test specimens shall be taken from
the locations specified on the drawing or by the procuring activity from the
sample castings. Tension test specimens shall confsrm to me of the following
specimens of’ASTM E 8: flat, 1/2 inch (1.27 cm) or 1/4 inch (0.64 cm) wide;
round, 0.500 inch (1.27 cm) or 0.250 inch (0.64 cm) naminal diameter. When —
testing is specified ~n the full sectian of the casting the directicm ar
method of loading of the full size casting shall be as specified by the
drawing. Tensi~n test specimens sectioned thraugh areas having mare than one
allawable radiographic saundness regi~n sh~uld be tested for infarmatian only
and shall not be cause for rejection ~f the casting or lot.

4.6.2 Test methods.

4.6.2.1 Chemical comp~sition. check analysis Of chemical composition shall
be conducted in accordance with method 111 to 112 of FED-STD-151.

4.6.2.2 Mechanical properties. Tensile tests shall be conducted in
accordance with ASTM E 8.

4.6.2.3 Soundness. Radiographic tests for soundness shall be canducted in
accordance with MIL-STD-453. Radiographs shall be compared with the standards
af ASTM E 155 to meet the requirements Of 3.4.

4.6.2.4 Surface imperfections. Penetrant tests shall be canducted in
accordance with MIL-I-6866.

4.7 Rejection.

10
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4.7.1 Examination. A lot shall be subject ta rejectian far failure ta
the visual, dimensional, and preparation for shipment requirements when

meet

examined in accordance with 4.5.

4.7.2 Tests. A lot shall be subject to rejection far failure to meet the
testing requirements when tested in accordance with 4,6.

4,8 Retests. Retesting for failure to meet chemical analysis or mechanical
property requirements shall be in accordance with FED-STD-151.

5. PREPARATION I’ORDELIVERY

5.1 Packing. Castings shall be packed in acc~rdance with the requirements
of MIL-STD-649. The procuring activity shall slecify the level required (see
6.2).

5.2 Marking. In additi~n to any special marking required in the c~nt~act
or arde”_6.2), shipments shall be marked in accordance with MIL-STD-129.

6. NOTES

6:: Intended use. Castings to this specification are intended t~ be used
for high strength, high quality structural purpases.

6.1.2 Casting design. The design of castings in the grades and strength
levels csvered by this specification are of the utmost importance and the
desigr.e~ shaulcl w~rk very clzsely with the f~undry engineer.

6.2 Ordering data. Procurement documents should specify the following:

(a) Title, number, and date af this specification.
(b) Number of sample castings and test lacation (see 3.1).
(c) Alloy and temper (see 1.2 and 3.2).
(d) Mechanical praperty classs (see 3.3 arid6.3).
(e) Grade for radiographic testing (see 3.4).
(f) Penetrant testing, if required (see 3.5 and 4.4.4).
(g) Pr3ductian quality canf~rfia~cetests, when nat required as

specified (see 4.2.1 and 4.2.2).
(h) When check analysis is required (see 4,4.1).
(i) When sampling for mechanical properties other than in accordance

with table V is required (see 4.4.2).
(j) Level of packing required (see 5.1).
(k) Special marking, if required (see 5.2).

6.2.1 Information to be included in the invitation for bids, cantract or
~rder. The pr~curing activit~’shauld pr~vide a drawing Jr drawings ta the
supplier with the following information:

(a) Dimensions ~nd tolerances.
(b) Areas of’major stress.
(c) Areas of n~ndestructive testing both surface and internal.
(d) Location of test bars and class of mechanical properties at each

lacatian.----

11
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6.3
shauld

Mechanical properties.
be carefully considered

MIL-M-46062C

Stress levels of various sections of castings
before specifying the class of mechanical

properties for any particular casting sectian. Since a uniform stress level _
is seldom required in casting design it would be advantagerms from the design

—.

and foundry aspect to have higher properties in local designated areas with
the remainder of the casting having lower properties. Three classes of
mechanical properties are theref~re inc~rp~rated in the specificati~n f’ar
various stress levels and the minimum properties for the various alloys are
also given for specimens taken from castings for use in designating stress
levels on drawings.

6.4 Radiographic soundness. Requirements f~r soundness in most castings
will vary as do the requirements for strength levels. Application of
s~undness grades to designated areas at varying levels should be investigated
by the designer and the foundry engineer. Allowable variations may result in
simpler rigging by the faundry with a resultant greater yield and increased
productivity at a lower cost.

6.5 Protective treatments. For protective treatments of magnesium casting
MIL-M-3171 should be consulted.

6.6 Melt. A melt shall be a single homogeneous batch af molten metal ta
which all alloying and processing operations have been completed.

Custodian: Preparing activity:

Army - MR Army - MR
Navy - AS
Air Force - 20

Project No. MECA-0136
Review:

Air Farce - 20

User:

Army - A~, AL
Navy - @

(KBWP# ID-0072B/DISK 0139A. FOR AMMRC USE ONLY)
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
wbmitting commenb and suggestions forimprovements. All users of milita~, Aandardization documerrti are invited to provide

suggestions. This form may be detached, folded along the lines indicated, taped”a~ongthelooseedge(DONOT STAPLE), and
mailed. In block 5, be as specific ss possible about particular problem areas such as wording which required interpretation, was

L too rigid, restrictive,loose, ambiguous, or was incompatible, and give proposed wording changes which would afleviate the
problems. Enter in block 6 any remarks notrelated to a specific paragraph of the document, If block 7 ia fi~ed out, an
acknowledgement will ‘be mailed to you within 30 days to let you know that your comments were received and are being
considered.

NOTE: This form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
specification requirements on current contracts. Commenk submitted on thi~ form do not constitute or imply authorization
towaive any portion of the referenced document(s) or to amend contractual requirements.

(Fold along thu line)

(Fold along thti line)
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