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MAGNESIUM WROUGHT ALLOYS

1. PURPOSE:

This SAE Standard covers the most common magnesium alloys, GSed in wrought
forms,|and 1ists chemical composition and minimum mechanical propgprties for
the vatious forms. A general indication of the usage @f the varipus
materials is also provided.

2. INTRODUCTION:

Magnesfum wrought alloys are produced and fabricated by all the common
production methods such as rolling, extrusion, and forging. Forms available
are shpet, plate, wire, rod, bar, shapesg, tubes, forgings, and impact
extrusfons. Magnesium alloys can be formed by bending, drawing, |spinning,
<::: and prpssing. The work is generallysdone hot except for simple gperations.
When dpne hot, magnesium alloys have exceptional workability. The
temperpture used varies from 300-750°F (149-399°C), depending on [operation,
alloy,| and condition. All of the wrought alloys can be joined by adhesive
bonding, spot welding, riveting, and bolting. Most of them are readily
fusionl welded and some do(not require stress relief after welding. As with
the cast alloys, all wrought alloys machine readily.

The temper designations .used for wrought magnesium are similar tq those used
for aluminum alloys: Temper designations are covered by ASTM B 296-67
(1972)|, Recommended Practice for Temper Designations of Magnesium Alloys,
Cast and Wrought. Mechanical properties are obtained by standard ASTM
proceduress < The tensile and compressive yield strength is taken|at an offset
of 0.2 from the initial modulus line.

Table T Tists SimiTar ASTHM, AMS Mititary,—and—Federat—specifications
covering the SAE wrought alloys in this SAE Standard.

SAE Technical Board ‘Rules provide that: “This report s 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, inctuding any patent infringement
O 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 1989 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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One grade of specially flattened plate is used extensively as tooling

The annealed condition (-0) is used for maximum formability and
The cold rolled and partially annealed condition (-H24) has
better strength and less ductility than the -0 temper.
of the sheet and alloys covered by this standard are given in Table 3 and

plate.
ductiti

ty.
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TABLE 1 - Similar Specifications of Magnesium Wrought Alloys
Alloy Designation
s Military
ASTM Form ASTM AMS or
Oid Federal
UNS d
SAE | SAE
M11311 [{AZ31B [ 510 | Sheet and plate B90O 4375, 4376, 4377 | QQ-M-44
Bor, rod, shapes B107 — QQ-M-31
Tube B107 —_ WW.T-825
Forgings B91 — QQ-Mm-40
M11610 |AZ61A | 520 | Bar, rod, shapes 8107 4350 QQ-M-31
Tube 8107 2350 WW-1-825
Wire (welding rod)| — — Mil-R-6944
Forgings 891 4358° QQ-M-40
M11800 | AZBOA | 523 | Bar, rod, shapes B107 _ QQ-M-31
Forgings B9! 43607 QQ-M-40
M14141 | LAT4T1A Sheet and plate B%0 — —_
M13310 |HK31A | 507 | Sheet and plate B90O 4384, 4385 Mil-M.26075
M13210 | HM21A Sheet and plate 890 4383, 4390 Mil-M-8917
Forgings — 4363 QQ-M-40
MI13312 | HM3I1A Bar, rod, shapes — 4388, 4389 Mil-M-8916
MI5100 | MTA 522 | Bar, rod, shapes 8107 — QQ-M-31
forgings — — QQ-M-40
M16100 | ZE10A | 534 | Sheet and piate 890 —_ Mil-M-46037
M16400 | ZK40A Bar, rod, shapes B107 — _
M16600 | ZK60A | 524 | Bar, rod, shépes B107 4352 QQ-M-31
Tube B1Q7 4352 WWwW.T.825
Forgings 891 4362 QQ-m-40
3Noncurrent specificatfions

3. SHEET AND PLATE:

3.1 Introdug¢tion: Magnesium alloy sheet is rolled to a thickness of
0.006-01249 in (0515-6.32 mm). Plate is 0.250 in (6.35 mm) or over in
thickness. Dimensional tolerances used are the same as for aluminum alloys
and are|given—in the current issue of ASTM B 90-70.

Magnesiym sheet and plate is flattened thermally and can be obtainpd
commerc —w metals.

the chemical composition limits are given in Table 2.

Tensile properties
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TABLE 2 - Composition of Wrought Magnesium Alloys
Alloy Designation Elements, weight %
T -
ASTM " . - Total' Other.
[o ] Mn Rore Ca, Cu, No, Ni, Si,

UNs ;:: SAE Al min In Zr Earths Th max mox max mox max maox: ﬂ':::_”"
mn3n | azzie | 510 | 2.5-3.5 0.20 0.6-1.4 - — — 004 | 005 | 0005 | — | 0005|010 0.30
M11610 | az61a | 520 | 5.8-7.2 0.15 0.40-1.5 - - - — 10050005 ]| — |0005]|0.10 0.30
Mm11800 | AzBoa | 523 | 7.8-9.2 0.12 0.20-0.8 — - _ — | o005 jooos | — | 0005|010 0.30
MI13310 | HK31A | 507 - — 0.30 mox | 0.40-1.0 - 5-40 | — | o010 — jool — 0.30
Mm13210 | HM21A | — — 0.45-1.1 - - - 525 — | — — _ — 0.30
MI13312 | HM3IA | — — 1.2 — - - 535 — | — — — — 0.30
mia1a2 [ waraa | — 11015 0.15 — — — — — | o004 | 0005 | 0.005 | 0005 | 0.700 || 030
M15100 | MIA 522 = T2 = = 0-30—1-0.05 001 |0 | 030
Mm16100 | zeioa || 534 — — 1.0-1.5 — 0.12-0.22 — - — + — | o030
Mi16400 | Zzxa0n | — - - 3.5-4.5 | 0.45 min — — - | - - 1+ — 0.30
M16600 | ZK60A || 524 - - 48-62 | 0.45 min — - - - — - — 0.30
aLA141 contains 13}15% LI.
bpare earth elements are in the form of wischmetal.

TABLE 3 - Minimum Mechanical Properties of Magnesium Alloy Sheet pnd PTate
Alloy Degignation

. . Yield Strength Hongatiam im
Temper Thickness Tensile Strength 0.2% Offset, Lir (50:8:mm);

ASTM in (mm) psi {MPo) ; :

oud psi (MPa) %

UNS lond SAE
[sae

M1i311 Af31B 510 0 0.016-0.250 (0.41-12.70) 32 000 {2212 - 12
0.251-2.000 {12.73-50.80) 32 000 (221)2 - 10
2.001-3.000 (50.83-76.20) 32 000 (221)3 — o

H24 0.016-0.249\(0.41-6.32) 39 000 (269) 29 000 {200} &
~0:374 (6.35-9.50) 38 000 (262) 26 000 {179) 8

20.500 (9.52-12.70) 37 000 (255) 24 000 (165) 8

0.501-1.000 (12.73-25.40) 36 000 (248) 22 900 (152) 8

1:001-2.000 (25.43-50.80) 34 000 (234) 20 000 (138) 8

2.001-3.000 {50.83-76.20) 34 000 (234) 18 000 (124) 8

H26 0.250-0.374 {6.35-9.50) 39 000 (269) 27 000 {186) 6
~0.500 (9.52-12.70) 38 000 (262) 26 000 (179) 6

0.501-0.750 {12.73-19.05) 37 000 (255) 25 000 (172) 6

0.751-1.000 (19.08-25.40) 37 000 {255) 23 000 (159) 6

1.001-1.500 (25.43-38.10) 35 000 {241) 22 000 (152) 6

1.501-2.000 (38.13-50.80) 35 000 (241) 21 000 {145) &

Mm13310 HK31A 507 0 0.016-0.250 (0.41-6.35) 30 000 (207)® — 12 ;
0.251-0.500 (6.38-12.70) 30 000 (207) 16 000 (110) 73 i
0.501-1.0G0 (12.73-25.40) 30 000 (207) 15000 {103) 12 :
1.001-3.000 {25.43-76.20) 29 000 {200) 14 000 {97) 12 4

-H24 0.016-0.125 (0.41-3.18) 34 000 (234) 26 000 (179) 4. ;
0.126-0.250 {3.20-6.35) 34 000 (234) 24 000 {165) a4 i
0.251-1.000 (6.38-25.40) 34 000 (234) 23 000 {159) 4 :
1.001-3.000 {25.43-76.20) 33 000 (228) 23 000 (159) 4

M13210 HM21A a8 0.016-0.250 {0.41-6.35) ' 33000 (228) 18 000 (124) 6
0.251-0.500 (6.38-12.70) 32 000 {221) 21 000 (145) 6

! 0.501-3.000 (12.73-76.20) 30 000 (207) 21 000 {145} 6
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3.2 General Data:

4.

4.1

Alloy M11311 is the most commonly used of the sheet alloys

and is available in either the annealed (-0) or cold rolled and partially

annealed (-H24 and -H26) conditions.
readily.

It has found widespread use.

M11311 alloy can be formed and welded
Applications most familiar in the

automotive field would be its use in truck bodies, ramps, and dockboards and
the various places such as patterns, jigs, and fixtures in which tooling
plate has been used.

M16100
weldabi

is not as strong as M11311.
lity and does not require stress relieving after welding.

It has good formability and excellent

It is used

in plag
relievi
or cold

M13310
(149-37
has ex(
the anr
It has

T of M 3T primar ity tnm tanks and—targe Structures where
ng would be a problem. It is available in either the anne
rolled and partially annealed (-H24) conditions.

was developed primarily for elevated temperature_use in th
1°C) range. It is more costly than M11311 and M¥I6100. M1
ellent weldability and good formability. It -is<available
ealed (-0) or cold rolled and partially annealed (-H24) co
been used primarily in aircraft and missides. M13210 was

developed for elevated temperature use in aircfaft, missiles, and
electrgnics.

M14141) containing 14% Li, is the only magnesium alloy with a bod]
cubic rnather than hexagonal-close-packed crystal structure. It w
developed as a very ductile and highly formable alloy.
EXTRUSIQNS:

Introddction: Magnesium allgys in general are extruded to size w
subseqyent drawing operations. Some sizing or shaving has been u
better [tolerances than can be obtained by extrusion. MWire, rod,
and spgcial shaped sections are produced as extrusions. Dimensio

tolerar
ASTM B

Magnest
(-F) ¢a
artifid
mechani

ces on the various forms are given in the current issue of
107-70.

um allays: produced as extrusions are available in the as-e
ndition. In some alloys an increase in strength is obtain
jal.aging to the extruded and aged (-T5) condition. Minim
gal’ properties of the SAE extrusion alloys are shown in Ta

5tress
hled (-0)

b 300-700°F
B310 alloy
in ejther
nditions.
h1so

V-centered
b S

thout

sed to get
par, tubes,
ha

truded
ed by
im

ble 4. The

chemic

t—tompositiom of theSAE T oys usedfor extrusions 5 giv

Table 2.
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TABLE 4 - Minimum Mechanical Properties of Magnesium Alloy Extrusions

Alloy Designation

Minimum Properties

F Dia or Thickness, Cross Sectional Area,
ASTM 1d orm in (mm) in? (em?) Tensile Strength, | Yield Strength Elongation in
UNS and | ohg | Temper | o Mpar™ | 0.2% Offset, | 2in (30.8 mm),
SAE : psi {MPa) %
M11311 AZ318 510 -F Bars, rods, shapes 0.249 (6.32) and under ‘ All 35 000 {241} 21 000 (145) 7
0.250-1.499 (6.35-38.07) All 35 000 {241) 22 000 (152) 7
1.500-2.499 {38.10-63.47) All 34 000 {234) 22 000 (152) 7
2.500-4.999 (63.50-126.97) All 32 000 (221) 20 000 (138) 7
Hollow shapes All All 32 000 (221) 14 000 (110} 8
Tubes 0.028-0.250 {0.71-6.35) 6.000 (38;71) ond under 32 000 (221) 16 000 (110) 8
0.251-2.499 (6.38-63.47) 6.000 {38.71) ond under 32 000 (221) 16 000 (110} 4
MIiT1610 | AZ61A 530 -F Bars, rods, shapes 0.249 {6.32) and under All 38 000 (262) 21 090 (145) 8
0.250-2.499 (6.35-63.47) Al 39 000/(269) 24 090 (165) 9
2.500-4.999 (63.50-126.97) Al 40,000 (276) 22 090 (152) 7
Hollow shapes All All 36/000 {248) 16 0P0 (110) 7
Tubes 0.028-0.750 {0.71-19.05) 6.000 (38.71) and under 36 000 (248) 16 00 (110) 7
M11800 | AZBOA 533 -F Bars, rods, shapes 0.249 {6.32) ond under All 43 000 (296) 28 0P0 (193) 9
0.250-1.499 (6.35-38.07) All 43 000 (296) 28 000 (193} 8
1.500-2.499 (38.10-63.47) Al 43 000 (296) 28 090 {193) ]
2.500-4.999 {63.50-126.97) Al 42 000 {290) 27 090 (186) 4
-T5 Bars, rods, shapes 0.249 (6.32) and under All 47 000 (324) 30 090 (207) 4
0.250-2.499 (6.35-63.47) All 48 000 (331) 33 090 (228) 4
2.500-4.999 (63.50-126.97). Al 45000 (310} 30 090 (207) 2
MI13312 | HM31A 15 Bars, rods, shapes Under 1.000 (25.40) All 37 000 (255) 26 090 (179) 4
1.000-3.999 (25.40-101.57) All 37 000 (255) 26 000 (179) 4
MI15100 | M1A 572 -F Bars, rods, shapes 0.249 (6.32) and.under All 30 000 {207) a 2
0.250-1.499 (6.35-38.07) Al 32 000 (221) - 3
1.500-4.999 (38.10-126.97) All 29 000 (200) —* 2
Hoflow shapes All All 28 000 {193) =" 2
Tubes 07028-0.750 (0.71-19.05) 6.000 {38.71) and under 28 000 {193) — 2
M16400 | ZK40A -T5 Bars, rods, shapes, All 4.999 {32.25) ond under 40 000 (276) 37 090 (255) 4
and wires .
Hollow_shapes All All 40 000 (276) 37 090 ({255) 4
Tubes 0.062-0.500 (1.57-12.70) 3.000 {19.35) and under 40 000 (276} 36 000 (248) 4
M16600 | ZK60OA 533 -E Bars, rods, shapes Al 4.999 (32.25) and under 43 000 (29¢) 31 000 (214) 4
Hollow shapes All All 40 000 (276) 28 090 {193) 5
Tubes 0.028-0.750 (0.71-19.05) 3.000 (19.35) ond under 40 000 (276) 28 000 (193) 5
524 -TS Bars, rods, shapes All 4.999 {32.25) and under 45 000 (310) 36 000 (248) 4
Hollow shapes All All 46 000 (317) 38 000 (262) 4
Tubes 0.028-0.250 (0.71-6.35) 3.000 (19.35) and under 46 000 (317) 38 000 {262) 4

ANot required.
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4.2

‘5.
5.1

FORGINGS :

General Data: M11311, M11610, and M11800 contain aluminum and zinc as the
principal alloying elements. M11311-F has moderate strength, good
ductility, and good weldability. It is used where maximum strength is not a
requirement. M11610-F has slightly better strength than M11311 but Tess
than M11800. It has been supplanted to a large degree by the higher
strength alloys, although still widely used as welding wire. M11800 has the
highest strength of these three alloys. Low ductility has caused it to be
replaced largely by M16600. Alloy M11800 is not as weldable as M11311 and
M11610, which have excellent welding characteristics. MI1311 has been used
in truck bodies, ramps, and docks, and with tooling plate in making jigs and
fixturgs. .

M15100 |has excellent weldability and good corrosion resistance’” It is a low
strengtlh alloy with good ductility. It has been replaced for most
applicgtions by M11311.

M16600 |combines high strength with good ductility and toughness. |However,
it has [limited weldability. M16600 costs more thapsM11311, M16610, M11800,
and M19100. It has been used primarily in military applications and
aircrafft. M13312 alloy was developed for use-ab elevated temperafures in
the rarjge of 300-800°F (149-427°C). M16400 possesses high yield strength
and had better extrusion characteristics thah M16610.

Introdiction: Magnesium alloys are‘available as both hammer forgjngs and
press forgings. The stronger alloys are too tender at hot working
tempergture to stand the shock of hammer forging and must be worked slowly
under Rydraulic presses. They may be forged sometimes to advantage by first
pressing to shape and finishing on the hammer .

Die eq@ipment built foraluminum alloy forgings can, in many cases, be used
without change for producing magnesium alloy hammer forgings. Thfis also
applie$ to small_die forgings made by pressing. Large press forgfings
comparable in size to an aircraft radial motor crankcase require fspecial
equipment and(can usually be supplied only as oversize die forginEs.
Compared with an aluminum forging, magnesium press forgings frequently
require am-extra blocking die.

Forgings subject to shock, vibration, Or repeated—stresses—must—be carefully
designed and carefully machined to avoid notches, sharp corners, tool marks,
and other stress raisers. Minimum machining radius is 0.040 in (1.02 mm) ,
and all sharp corners and feather edges must be broken. Magnesium alloy
forgings may have marked directional properties, especially with regard to
yield strength in tension and in compression. For this reason, it is
advisable for user to consult with manufacturer on design of forgings.

-
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