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MAGNESIUM ALLOY, SAND CASTINGS
2.5Ag - 2.1Di - 0.70Zr (QE22A-T6)

Solution and Precipitation Heat Treated
UNS M18220

1. SCOPE:
1.1 Form:
This specification covers a magnesium alloy in the form of 'sand castings.
1.2 Applicatign:
These castlings have been used typically for parts requiring high pield
Strength Jdp to 400 °F (204 °C), but usage is nat Timited to such
applicatiqgns.
2. APPLICABLE OOCUMENTS:
The followirng publications form a part of this specification to the|extent
specified hdrein. The Tatest issue of-SAE publications shall apply.|[The
applicable issue of other publications shall be the issue in effect|on the
date of the|purchase order.
2.1 SAE Publiqations:
Available [from SAE, 4Q0-Commonwealth Drive, Warrendale, PA 15096-Q001.

AMS 2360
AMS 2361

oom Temparature Tensile Properties of Castings
levated® Temperature Tensile Properties of Castings
AMS 2475 Plrote&tive Treatments, Magnesium Alloys

AMS 2635 Ra@hographic Inspection

AMS 2645 FTuorescent Penetrant Inspection

AMS 2694 Repair Welding of Aerospace Castings

AMS 2804 Identification, Castings

O M O

s

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering
sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent
infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1994 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.
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2 ASTM Publications:

Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

ASTM B 557

ASTM

ASTM
ASTM
ASTM
ASTM

.3 U.S.

Availablg

B

m m rm o

Govdg

b57M

660
21
3

Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy
Products

Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy
Products (Metric)

Packaging/Packing of Aluminum and Magnesium Products

Elevated Temperature Tension Tests of Metallic Materials

Chomical

195

rnment Publications:

from DODSSP, Subscription Services Desk, Bgjvding 4D,

Analvcic aof Maognociim and Magnociim Allavg
v I 7

Reference Radiographs for Inspection of Aluminum and
Castings

Magnesium

Y00 Robbins

Avenue, Hhiladelphia, PA 19111-5094.
MIL-M-6897 Magnesium Alloy Castings, Heat Treatment of
TECHNICAL |[REQUIREMENTS:
.1 Composition:
R)
Shall corffform to the percentages by weight shown in Table 1, detgrmined by
wet chemijcal methods in accordance with ASTM E 35, by spectrochepical
methods, |or by other analytical-methods acceptable to purchaser.
TABLE 1 - Composition
Element min max
Silver 2.0 3.0
Didymium (Total Rare Earths) 1.75 2.5
Ziveonium, total 0.40 1.0
copper (3.1.1) -- 0.10
Nickel (3.1.1) -- 0.01
Qther Tmpnri+ioc, ftotal - 0. 30
Magnesium remainder
1.1 Determination not required for routine acceptance.

2 Condition:

Solution and precipitation heat treated.

AMS 4418F
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Casting:

—~ W
~— W

Castings

shall be produced from metal conforming to 3.1. Furnace

or Tadle

additions of grain-refining elements or alloys are permissible. Molten metal
taken from alloying furnaces, with or without additions of foundry operating
scrap (gates, sprues, risers, and rejected castings), shall not be poured

into castings unless first converted to ingot,

analyzed,

and remelted or

unless the composition of a sample taken after the last addition to the melt

conforms

3.3.1

2000 p

to 3.1.

L I

A melt shall be the metal withdrawn from a batch-furnace charge of

when

permitt
metal
consecy

3.3.2 A 1ot s
eight ¢

same he

Cast Test
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Chemical
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Chemicd
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Tensile
standa
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shall 4§
without
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3.5 Heat Tregd

Castings

ol [a¥alwi w1 mal P2 B AN R S o aa “
UTrTao \JU7 lgl/ Ul rCc oo ao LA "A>A"] LIAYAI |J\JLAI Illtj buobllng AW
ed by purchaser, a melt shall be 4000 pounds (1814 kg)
ithdrawn from one continuous furnace in not more than e

tive hours.

hall be all castings poured from a single meltsin not mg
onsecutive hours and solution and precipitation heat trg
at treatment batch.

Specimens:

analysis specimens and tensile specitmens shall be cast

1 Analysis Specimens: Shall be,cast from each melt and

table size, shape, and form.

Specimens: Shall be casfcwith each 1ot of castings, sh
d proportions conforming to ASTM B 557 or ASTM B 557M w
nch (12.70 mm) diamefer at the reduced parallel gage se
e cast to size in melds made of the regular foundry mix

using chills. Metal for the specimens shall be part of
s used for the~¢astings and shall be subjected to the s

g or alloyinG jtreatment given the alloy for the castings

ture of thewmetal during pouring of the specimens shall
at durin@~pouring of the castings.

tments

and' representative tensile specimens shall be solution

r less of
ght

re than
ated in the

hs follows:

thall be of

h 11
th
rtion, and

of sand

the melt

hme grain

5. The

be not lower

be of

hnd

precipita

t1on nheat Treated 1n accordance witnhn MIL-M-bso/. AT

Teéast one set

of tensile specimens shall, during each stage of heat treatment, be placed
into a batch-type furnace with each load of castings or into a continuous
furnace at intervals of not Tonger than three hours.

3.6

Properties:

Castings and representative separately-cast tensile specimens produced 1in

accordance with 3.4.2 shall

3.0.1

Tensile Properties: Conformance to the requirements of 3.6.1.1.1 shall

conform to the following requirements:

be

used as basis for acceptance of castings except when purchaser specifies
that the requirements of 3.6.1.1.2 apply:
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3.6.1.1

3.6.1.1.1

3.6.1.1.2

3.6.1.2

3.6.1.2.1

3.6.1.2.2

At Ro
ASTM

om Temperature: Shall be as follows, determined in accordance with

B 557 or ASTM B b557M:

Separately-Cast Specimens: Shall meet the requirements shown 1in

Tab

SpA
as

At 400
accord
held a
(204 °

Seps

le 2.
TABLE 2 - Minimum Tensile Properties
Property Value
Tensile Strength 35.0 ksi (241 MPa)
Yield Strength at 0.2% Offset 25.0 ksi (172 MPa)
Elongation in 4D 2%
cimens Cut from Castings or Integrally-Cast Coupons: Sp

in 4.3.4 shall meet the requirements shown in Table 3:

TABLE 3 - Minimum Tensile Properties

Property Value
Tensile Strength 32.0 ksi (221 MPa)
Yield Strength at 0.2% Offset 23.0 ksi (159 MPa)
Elongation in 4D 2%

°F (204 °C): Shall bglras shown in Tables 4 and 5, dete
ance with ASTM E 21(on specimens heated to 400 °F £ 5 (!
t heat for 10 miputes £ 1 before testing, and tested at
C*+3):

rately-CastiSpecimens:

TABLE 4 - Minimum Tensile Properties

bcimens

rmined in
04 °C £ 3),
400 °F £ 5

Plupwty \VIG]UC
Tensile Strength 25.0 ksi (172 MPa)
Yield Strength at 0.2% Offset 19.0 ksi (131 MPa)

Specimens Cut from Castings or From Integrally-Cast Coupons:
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TABLE 5 - Minimum Tensile Properties

Property Value
Tensile Strength 24.0 ksi (165 MPa)
Yield Strength at 0.2% Offset 18.0 ksi (124 MPa)

When properties other than those specified in 3.6.1.1.2 and 3.6.1.2.2 are

required, tensile specimens as in 4.3.4, machined from Tocations
indicated on the drawing, from a casting or castings chosen at random to

esent the Tot shall have the properties indicated on ths
specimens. Property requirements for such specimens)ma)
gnated in accordance with AMS 2360, AMS 2361, or hoth.

gs, as received by purchaser, shall be unifofm in quali
ion, sound, and free from foreign materials and from im
ental to usage of the castings.

ings shall have smooth surfaces and“shall be sufficient
it fluorescent penetrant inspection.

ings cleaned by blasting shald be pickled in a sulfuric
uric-nitric acid solution_to remove not less than 0.002
5 mm) of metal before protective treatment as in 5.2.1.

gs shall be produced ,under radiographic control. This ¢
t of radiographic ‘examination of castings in accordance
er radiographicSprocedure acceptable to purchaser, unti
y technique, which will produce castings free from harm
ections, iswestablished for each part number and of pro
gs as negessary to ensure maintenance of satisfactory g

pecified, castings shall be subjected to fluorescent pe
tieniin accordance with AMS 2645.

 drawing for
be

Ly and
perfections

y cleaned to

or
inch

bntrol shall

with AMS 2635
proper

Ful internal

jfuction

ality.

netrant

Radiographic, fTlTuorescent penetrant, and other qualily standards shall

be

as agreed upon by purchaser and vendor. ASTM E 155 may be used to define
radiographic standards.

methods without written permission from purchaser.

Castings shall not be repaired by peening, plugging, welding, or other

When permitted in writing by purchaser, defects in castings may be

removed and the castings repaired by welding in accordance with AMS 2694.

.6.1.3
repr
such
desi
.7 Quality:
7.1 Casti
condit
detrin
70101 Cast
R) pern
.7.1.2 Cast
sulf
(0.0
7.2 Casti
R) consis
or ot
found
imperf
castin
.7.3 When 4
R) inspeq
7.4
.7.5
.7.5.1
.7.6

Castings shall not be impregnated, chemically treated, or coated to prevent

leakage unless specified or allowed by written permission of purchaser,
designating the method to be used.
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4.

4.2

4.

4.

4.

4.3.

2.

2.

2.

QUALITY ASSURANCE PROVISIONS:

Responsibility for Inspection:

The vendor of castings shall
be responsible for performing all

supply all

samples for vendor's tests and shall
required tests. Purchaser reserves the

right to sample and to perform any confirmatory testing deemed necessary to
ensure that the castings conform to the requirements of this specification.

Classifiq

Accepts
(3.1),
are acg
as app]l

Tensi
coupdg
sepan
separn
of sp
deten

Periodi
period]
unless

Preprodg
prepro

oy ol .
atTuUrr UT rceoto.

nce Tests: Except as specified in 4.2.1.1, tests far ‘co
tensile properties at room temperature (3.6.1.1),\and q
eptance tests and shall be performed to represeAt”each
icable.

le properties of specimens cut from castings or from inf
ns shall be determined only when specified by purchaser
ately-cast specimens are not availabfe. Tensile properti
ately-cast specimens need not be determined when tensilg
ecimens cut from castings or fromdntegrally-cast coupo
mined.

c Tests: Tests for tensile<properties at 400 °F (204 °C
c tests and shall be penflormed at a frequency selected
frequency of testing iskspecified by purchaser.

uction Tests: Tests~for all technical requirements are
uction tests and\shall be performed prior to or on the

shipmefpt of a casting to a purchaser, when a change in materia

proces
confir

For d
requg

ing requires\reapproval as in 4.4.2, and when purchaser
patory tes&ing to be required.

irect.U-S. Military procurement, substantiating test daf
stedy preproduction test material shall be submitted to

cogni

nposition
ality (3.7)
ot or melt

egrally-cast
or when

es of
properties
s are

are
by the vendor

first-article
1 and/or
deems

a and, when
the

zant agency as directed by the procuring activity, cont

acting

offic

Sampling

s v wvoaniinct £oan N n HpAamant
T 5 Olf rocgquUcSCo ot IZANAZZ UL R m

and Testing: Shall be in accordance with the following:

casting from each lot.

One chemical analysis specimen in accordance with 3.4.1 from each melt or a

One separately-cast tensile specimen in accordance with 3.4.2 from each Tot

except when purchaser requires properties of specimens cut from castings or

from in

dimensi

tegrally-cast coupons.

onal, property, and quality evaluations.

Sufficient castings of each part number in accordance with 4.4.1 to satisfy
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4.3.4 One or more castings from each 1ot when tensile properties are required

from specimens machined from castings. Specimens shall conform to
ASTM B 557 or ASTM B 557M and shall be either 0.500 inch (12.70 mm)
diameter at the reduced parallel gage section, subsize specimens
proportional to the standard, or standard sheet-type specimens. For
determining conformance to the requirements of 3.6.1.3, if specimen
locations are not shown on the drawing, not less than four tensile
specimens, two from the thickest section and two from the thinnest section,
shall be cut from a casting or castings from each Tot.

4.3.4.1 When germitted by purchaser, tensile specimens conforming %e“pASTM B 557

(R)

4.4 Approval:
4.4.

4.4,

1

2

or ASIM B 557M excised from integrally-cast coupons may he~used in Tieu
of sepgarately-cast specimens (4.3.2) or specimens cut frem a ¢asting or
castings (4.3.4). Size, number, and location of integpd?ly-cast coupons
shall |be as specified by purchaser.

Sample dastings from new or reworked patterns @nd the casting pfocedure shall

be apprdved by purchaser before castings faorsproduction use are|supplied,
unless dquch approval be waived by purchaser:

Vendor dhall establish, for productionsof sample castings of eagh part
number, [parameters for the process coftrol factors which will ppoduce
acceptallle castings; these shall constitute the approved casting procedure
and shall be used for producing production castings. If necessafy to make
any charlge in parameters for the process control factors, vendof shall
submit flor reapproval a statement of the proposed changes in prgcessing
and, whdqn requested, test .spécimens, sample castings, or both. Production

castingd incorporating &he revised operations shall not be shipped prior to

receipt |of reapproval.

.1 Proceds controlsfactors for producing castings include, but afe not

Timitdd to, the{following:

Type qf fupnace

Furnage~atmosphere

Ladle [addition or grain refining practice

Sand formulation

Fluxing or oxide removal procedure

Gating and risering practices

Metal pouring temperature; variation of 50 F (%28 C) degrees
is permissible

Solidification and cooling procedures

Solution and precipitation heat treatment cycles

Cleaning operations

Methods of inspection

4.4.2.1.1 Any of the above process control factors for which parameters are

considered proprietary by the vendor may be assigned a code
designation. Each variation in such parameters shall be assigned a
modified code designation.
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