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General

EZ33A is a heat treatable magnesium casting alloy
normally used in the T5 (artificially-aged) condition.
It has only moderate room-temperature strength in
comparison with other magnesium alloys, and its el-
evated-temperature strength is not as high as those of
the thorium-containing alloys or of the silver-bearing
alloy QE22A, Nevertheless, it is an excellent alloy for
aerospace and other applications in the temperature
range 300 to 500F because of its reasonably gocd el-
evated-temperature strength, strength stability at high
temperatures, good foundry characteristics, excellent
pressure tightness, uniformity of properties in heavy
sections, weldability, and relatively low cost. EZ33A
is also produced in the form of welding electrodes; it
is the recommended filler metal for welding magne-
sium alloys for elevated-temperature applications
(Refs. 3, 4,9, 27, 28).

Commercial Designation
EZ33A.

Alternate Designations
EZ33, ZREI (British), UNS No. M12330.

Specifications
[Table] Specifications.

Composition
[Table] Composition.

Heat Treatment

Conditien T5 (artificially-aged), which provides opti-
mum mechanical properties in EZ33A, is obtained by
aging the as-cast alloy {condition F) at 420F for 5
hours or, alternatively, at 650F for 2 hours, air cool.
Whereas the 650F treatment provides more stress relief,
the 420F is recomunended when maximum resistance to
high-temperature creep is desired (Refs. 1, 8). Other alter-
native treatments consisting of lower temperatures for
longer times can also be effective: for examnple, 350F for
12-16 hours (Refs. 19, 21).

The suggested holding times at the artificial aging
temperatures are adequate for sections up to at least
2-inches thick. Longer times may be required for
thicker sections (Refs. 8, 19).

After the alloy in either the as-cast (F) or artificially
aged (T5) condition has been welded, stress relief and
optimurn properties in the weld areas can be obtained
by any of the T5 treatments, the 650F treatment being
somewhat more effective for stress relief but less effec-
tive for creep resistance (Refs. 1, 8,9, 19, 20).

The furnaces or ovens used for artificial aging treat-
ments may be heated by electricity, gas, or oil. Since
the temperatures for this treatment are below 750F, no
protective atmosphere is required (Refs. §, 17).
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Hardness

Mg
3.0 RE
2.5 Zn
0.6 Zr

Brinell hardness for T5 condi-
ton: 48-60 using 500 kg load
and 10 mm ball, or 57-72 using
1000 kg load and 10 mum ball
(Ref. 1).

Rockwell E hardness for TS
condition; 5% (Ref. 17).

Forms and Conditions
Available

Sand, permanent-mold, and investment castings are
used primarily in the T5 (artificially-aged) condition
(Refs. 1, 3,4, 5).

Welding wire, primarily for GMAW and GTAW, are
particularly suitable for joints requiring high strength
at elevated temperatures (Refs. 2, 18, 25).

Melting and Casting Practice

EZ33A is melted and cast similarly to other zirconium-
containing magnesium casting atloys (see HZ32A,
Code 3408, Section 1.08). The rare earths are intro-
duced into the melt as a rare-earth mixture known as
misch-metal, and zirconium is normally added as a
magnesium-zirconium hardener containing 30 to 50
percent zirconium. Although zinc losses are negligible
for each melting cycle, losses of rare earths and of zirco-
nium are substantial but variable, depending on local
foundry practice. The losses must be taken into ac-
count by proper adjustments in the additions of these
elements to the melt. A special crucdible flux contain-
ing no magnesium chloride should be used because
magnesium chloride in the normal crucible flux will
combine with rare earths to form rare-earth chloride,
which will settle out of the melt and thus decrease the
alloying efficiency (Refs. 26, 29).

Special Considerations

The zirconium ingredient in this alloy serves as a
grain refiner; consequently, the carbon-innoculation
or superheating methods of refinement used for mag-
nesium alloys containing aluminum are not applied
to EZ33A (Ref. 26).

Contamination with aluminum, iron, manganese, or
silicon must be prevented as these elements inhibit
zirconium from performing its desired grain-refining
function (Ref. 30).

During T5 heat treatment, EZ33A castings contract
linearly about 0.019 percent (Ref. 17).

EZ33A castings, both as-cast (F) or artificially aged
(T3}, tend to contract slightly with increasing holding
times at elevated temperatures (Refs. 28, 31).

1.9.41 ([Figure] Linear contraction in castings during
long-time exposures to elevated temperatures.
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Long exposures in the temperature range 400 to 600F
tend to cause increases in room-temperature strength
but decreases in ductility (see Figure 3.2.1.4).

The AMS specification (Ref. 1) prohibits the suppliers
of EZ33A castings from repairing defects by peening,
plugging, welding, impregnation, or other methods
unless they obtain written permission from the pur-
chaser.

Safety precautions should be directed to the prevention
of fires, burns, and explosions (see AZ91, Code 3402,
Section 1.9.3, and HZ32A, Code 3408, Section 2.3.2).

2  Physical Properties and Environmental
Effects

21 Thermal Properties

2.1.1 Melting Range: 1010-1189F (Refs. 3, 4).

2.1.2 Phase Changes. In the as-cast condition, a complex
compound network, in which all of the ingredients
have not been identified, forms at the interdendritic
grain boundaries. The artificial-aging (T5) treatment
converts the network into an eutectic in which the
major ingredients are magnesium solid soluticn and
the magnesium-cerium compound Mg,Ce
(Refs. 13,14, 15).

2121 Time-temperature-transformation diagrams.

2.1.3 Thermal Conductivity.

21.3.1 [Figure] Effect of temperatures up to 500F on
thermal conductivity.

2.14 Thermal Expansion.

21.4.1 Mean coefficient of thermal expansion from
68 to 392F: 14.7-14.8 x 10 in/in/F (Ref. 11}.

2.1.5 Specific Heat.
2.1.5.1 Specific heat at 68F: 0.25 Btu/IbF (Ref. 9).

2.1.6 Thermal Diffusivity.

21.6.1 Thermal diffusivity for T5 condition at 68F:
2.13 ft2/hr (Ref. 16).

2.2 Other Physical Properties

2.2.1 Density: 0.0665 Ib/in3, 1.84 gr/cm? (Refs. 3, 4).

2.2.2 Electrical Properties.

2221 [Figure] Effect of temperatures up to 500F on
electrical resistivity.

2.2.3 Magnetic Properties. Nonmagnetic.

2.2.4 Emittance, see ZK60A, Code 3506, Figure 2.024.

225 Damping Capacity.

22.5.1 ([Figure] Effect of stress on specific damping
capacity.

Code 3404

Page 2

Aerospace Structural Metals Handbook

2.3
231

232

24

31
3.1.1

3.2

June 1993 (revision)

Chemical Environments

General Corrosion. EZ33A, like other magnesium
alloys, is susceptible to general and pitting corrosion
in industrial, marine, and moist environments. With
suitable surface treatment and painting, it performs
satisfactorily in all types of natural environments with
the exception of continucus immersion in water

(Refs. 22, 23).

2.3.1.1 [Table] Comparison of the corrosion rates of

EZ33A with averages of other magnesium

alloys in varicus natural environments.
Magnesium alloys, in general, are anodic to all other
structural metals; consequently, they are susceptible
to galvanic corrosion where they are in electrical con-
tact with other structural metals in the presence of an
electrolyte (Refs. 22, 24). For a more detailed discus-
sion of galvanic corrosion of magnesium alloys, see
AZ31B, Code 3601, Section 2.0312.

Stress Corrosion. Whereas there is little documented
evidence of stress-corrosion failures of EZ33A and
other magnesium-alloy castings in service, laboratory
tests have produced failures under tensile loads as
low as 50 percent of yield strength in environments
causing negligible general corrosion. The protective
finishes used on magnesium are effective but not to-
tally reliable in controlling stress corrosion. An addi-
tional recommended controlling method is to maintain
the working stresses below 50 percent of tensile yield
strength, which will inhibit most stress corrosion in
magnesium alloys with proper protective finishes (see
Section 4.4). In the few applications where stresses are
constant over long periods of time, for example clamp
fittings, it is considered prudent to maintain the ser-
vice tensile stresses below 30 percent of yield
strength. Residual stresses in welded areas can also be
sufficient to induce stress corrosion in active environ-
ments; consequently, post-weld thermal treatment as
discussed in Section 1.5.2 is recommended

(Refs. 22, 24).

Nuclear Environments

The large nuclear cross section of rare earths makes
this alloy unsuitable for reactor equipment where low
cross section is desired.

Mechanical Properiies

Specified Mechanical Properties

[Table] AMS and ASTM specified mechanical proper-
ties.

Mechanical Properties at Room Temperature
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Tension Stress-Strain Diagrams and Tension Proper-
ties.

3211
3.21.2

Stress-strain diagram, see Figure 3.3.1.1.

Tensile properties of sand-cast test bars and
production castings, see Figure 3.3.1.3.

3.21.3 [Table] Tensile properties of investment-cast
test bars with various pouring temperatures

and mold temperatures.

3214 [Figure] Effects of exposures at elevated
temnperatures on tensile properties at room
temperature.

3.2.1.5 ([Figure] Effects of end chill on tensile pro-

perties of sand-cast plates of two different
thicknesses.

Compression Stress-Strain Diagrams and Compres-
sion Properties.

3.22.1 Compression yield strength for T5 condition,

sand-cast test bars: Fq,= 15- 16 ksi (Refs. 9, 17).
Impact, see Figure 3.3.3.1.
Bending.
Torsion and Shear.

3.25.1 Shear strength for T5 condition: F_, = 19.8 - 22
ksi (Refs. 9, 17; see also Figure 3.3.5.1).

Bearing.

3.2.6.1 Bearing strength for T5 condition and edge-
distance-to-diameter ratio of 2.5: F, | = 57 ksi
and F =40 ksi (Refs. 9, 17; see also Figure
3.3.6.1).

Stress Concentration.
3271
3.2.7.2 Fracture toughness.

Notch properties.

Combined Loading.

Mechanical Properties at Various Tempera-
tures

Tension Stress-5train Diagrams and Tension Proper-
ties.

3.3.1.1 [Figure] Stress-strain curves at room and el-
evated temperatures.

3.3.1.2 [Figure] Elevated-temperature tensile pro-
perties after various exposure times at test
temperatures,

3.3.1.3 [Figure] Comparison of room- and elevated-
ternperature tenstle properties of sand-cast
test bars and production castings; holding
tine at elevated test temperatures was 10
minutes (Ref. 28).

[Figure] Effect of low temperatures on tensile
properties.

3314
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3315 [Figure] Effect of temperature and strain rate
on tensile properties.

Compression Stress-Strain Diagrams and Compres-
sion Properties.

Impact.

3.3.3.1 [Figure] Effect of low temperatures on charpy
impact resistance.

Bending.
Torsion and Shear.

3351 [Figure] Effect of temperature on shear
strength.

Bearing.

3.3.6.1 [Figure] Effect of temperature on bearing
properties.

Stress Concentration.

3.3.7.1 Notch properties.

3.3.7.2 Fracture toughness.

Combined Loading.

Creep and Creep Rupture Properties

[Figure] Isochronous stress-strain curves at 400 and
800OF.

{Figure] Isochronous stress-strain curves at 600, 700,
and 800F.

{Figure] Total creep strain curves.

{Figure] Effects of exposure time at test temperature
prior to loading on 100-hour creep strength.
Fatigue Properties

{Figure] Fatigue cycles to failure as a function of maxi-
mum cyclic stress for both rotating-beam and flexure
specimens.

[Figure] Effect of elevated temperatures on fatigue
strength {maximum cyclic stress) at 5x107 cycles.

[Figure] Fatigue crack growth rates at three R levels
(ratio of minimum to maximum cyclic stress).
Elastic Properties

Poisson’s Ratio. 0.35 (Refs. 31, 41).

Modulus of Elasticity.

3.6.2.1 [Figure] Modulus of elasticity at room and
elevated temperatures.

Modulus of Rigidity. 2.4x10° ksi (Ref. 31).
Tangent Modulus.
Secant Modulus.

Code 3404
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Fabrication

Forming

Machining and Grinding

EZ33A, as well as other magnesium alloys, has excel-
lent machinability, which enables it to be machined at
high speeds and feeds. The low cutting pressures and
rapid dissipation of generated heat combine to provide
long tool iife, dimensional stability, and good surface
finish (Refs. 9, 43). For further details, see HZ32A,
Code 3408, Sections 4.021 and 4.022.

Joining

EZ33A, in either the as-cast or T5 condition, is readily
weldable by both the gas-tungsten-arc {(GTAW) and
the gas-metal-arc (GMAW) welding processes with
either argon or helium shielding. For repair welding
and for joining EZ33A castings to each other or to
other high-temperature magnesium alloys, such as
HE31A, HM21A, and HM31A, EZ33A is the recom-
mended filler metal; however, AZ792A or AZ61A filler
metal is recommended for joining EZ33A to the alu-
minum-containing magnesium alloys (AZ series).
Generally, preheating is not necessary; butfor thin or
complex or restrained sections, preheating up to 500F
maximum can be used to minimize the possibility of
distortion. Post heat treatment in accordance with
Section 1.5.2 is required to develop optimum strength
(T5 condition) (Refs. 9, 18, 45).

[Figure] Effect of low temperatures on tensile proper-
ties of weld metal deposited by GMAW process.

{Figure] Tensile properties at varicus temperatures of
specimens containing GTAW butt weld between
EZ33A-T5 sand casting and HM21A-T8 magnesium
alloy plate with EZ33A filler metal.

Gas welding, spot welding, brazing, and soldering are
not normally recommended for EZ33A castings in
aerospace applications where good combinations of
strength and fatigue resistance are required

(Refs. 9,18, 31, 41, 45, 46).

Surface Treating

According to both AMS and ASTM specifications,
EZ33A castings should normally be chrome pickled
(AMS 2475) by the producing foundries prior to ship-
ment. As a possible aiternative, the AMS specification
mentions protection of the casting with a light corro-
sion-inhibiting oil in lieu of chrome pickling

(Refs. 1, 3, 4, 5).

A wide range of chemical and electrochemical cleaning
and surface treatments is available for paint adhesion
and corrision protection (Ref. 22; see also AM 100A,
Code 3410, Sections 4.042, 4.034, and 4.04; also HK32A,
Code 3408, Sections 4.042, and 4.043).

Code 3404
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A study of the effects of various surface treatments on
the rotating-beam fatigue strength of EZ33A sand
castings showed that acid pickling has detrimental
effects on fatigue strength, whereas shot peening
prior to pickling has beneficial effects sufficient to
more than overcome any detrimental effects of acid
pickling (Ref. 10).

[Table] Effects of various surface treatments on the
rotating-beam fatigue strength of sand castings at 10
million cycles.
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Table 1.3.1 Specifications (Refs. 1-9)
Alloy: EZ33A (UNS M12330)
Specification Farm
AMS 4442D Sand castings
AMS 4396C Welding wire
ASTM B 80-91 Sand castings
ASTM B 199-87 Permanrent mold castings
ASTM B 403-90 Investment castings
ASTM B 93-92 Ingot
SAE J465 Castings
00-M-56 Sand castings
00-M-55 Permanent mold castings
MIL-R-6944 Welding rod
Nate: In addition 1o the product specifications, ASTM B 661-90 and
MIL-M-6857 cover heat treatment of magnesium alloys including EZ33A.
Table 1.4.1 Composition (Refs. 1, 3, 4, 5, 6)
Alloy: EZ33A
Source AMS (1) ASTM (3.4, 5) ASTM (B)
Form Sand Cast Sand, Invm&r{:zné :;ltd Permanent Ingot
Element Percent Percent Percent
Minimum Maximum Minimum Marximum Minimum Maximum
Cerium (totat rare earths) 25 40 25 4.0 26 3.9
Zing 20 31 20 31 20 3.0
Zirconium (total) 0.40 1.0 0.50 1.0 03 10
Zirconium (soluble)d 0.40 — — - — -
Copper — 0.10 — 0.10 — 0.03
Nicke! - 0.01 _— 0.01 —_ 0.010
Silicon — — — — — 0.01
Other impurities (total) — 030 - 0.30 — 0.30
Magnesium Balance Balance Balance
@ Sotuble 2irconium is that portion of the zirconium that is soluble in 1:4 hydrachioric acid held below Hs boiling point.
Code 3404
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Table 2.3.1.1 Comparison of the corrosion rates of EZ33A
with averages of other magnesium alloys in various
natural environments (Ref. 22)

Alloy; EZ33A
Condition 75
Form Sand'Castings
Corrosion Rate (mils per year)
Alloy Rural Industrial Marine
EZ33A 0.79 1.6 1.1
Others? 0.56 1.2 1.0

4 Average of nine magnesium casting allays.

Table 3.1.1 AMS and ASTM specified mechanical properties {Refs. 1, 3, 4, 5)

Nonferrous Alloys - Mig G

EZ33A

Alloy: EZ33A
Condition T5
Specification AMS (1) ASTM (4) ASTM (5)
Type of Casting Sand Permanent Mold Investment
Specimen Temp (F) | Fyy (ksi) | Fyy (ksi) ‘pz'mzef"}') Fy (ksi) | Fy s (pf;mzei"{') Fy (esi) | Fy (s (p:'rfe::')
Minimum
Separately cast Room 14,0 20.0 20 14.0 200 2.0 14.0 240 20
500 8.0 13.0 — — — — — —_ _
Cut from casting
single Roem 1.0 13.0 —_ -— — —_ _ - _
average 4 or more Room 12.5 15.0 1.0 — — —_ — — —_
single 500 6.0 10.0 - — —_— — —_ — -
Brinetl Hardness
All sand castings Minimum | Maximum
500 kg load and 10 mm ball 48 60
1000 kg load 2nd 10 mm ball 57 72
3 Generally, the tensile property requirements for sand castings in
ASTM B 80-90 (Ref. 3) are similar to those in AMS 44420 (Rei. 1)
except that ASTM B 80-90 does not specify properties at 500F for
separately cast tensite specimens and does nol specify hardness.
Code 3404
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Table 3.2.1.3 Tensile properties of investment-cast test bars with various pouring temperatures and mold temperatures
{Ref. 33)

Alloy: EZ33A
Form Separate investment-cast test bars
Condition ] TS
Range of Properties
Pouring Motd Number Fre (ksi) - Fy (ksi} e, 2in. (percent)
Temperature (F) | Temperature (F) of Tests Minimum Maximum Minimum Maximum Minimum Maximum

70 9 223 267 15.8 18.7 4 5
1250 400 9 238 25.1 14.9 17.3 4 5

650 9 253 260 15.1 17.8 6 7

70 i2 25.0 26.0 14.7 17.5 4 i [
1350 400 12 255 26.8 16.5 17.3 4 6

650 5 230 243 15.1 15.6 4 5

70 8 255 26.6 15.7 16.8 5 6
1450 400 8 246 255 16.2 17.9 5 7

630 B8 223 240 14.3 15.5 4 5

Code 3404
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Fig.3.3.6.1 Effect of temperature on bearing properties (Ref. 37)
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Fig. 34.1 Isochronous stress-strain curves at 400 and 500F (Refs. 9, 28)
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Fig. 342 lsochronous stress-strain curves at 600, 700 and 800F (Refs. 9, 28}
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Fig. 344 Effects of exposure time at test temperature prior
Exposure Time {tr) to loading on 100-hour creep strength (Ref. 28)

Fig.3.4.3 Total creep strain curves (Ref. 28)
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£733A-TS £233A-T5 : |
Sang-cast test bars Sand-cast test bars; !
15 Rotating Beam: R=-1, A= (Machined) R=-1 !
' Machined specimens, K.=1 n : S0z~
pecimens, K= \ Rotating beam
g N\ N g
o NN N\
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e 5 | g 9 :
E 2 g
g 2 :
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o
& 7
2
10 E
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; 5 |
S 7 8
it 108 10 o 0 100 200 300 400 500 600
Cycles to Failure Temperature ()

Fig. 35.1 Fatigue cycles to failure as a function of maximum cyclic stress
for both rotating-beam and flexure specimens (Refs. 38, 39, 40)

Fig. 3.5.2 Effect of elevated tem;)eratures on fatigue strength
{maximum cyclic stress) at 3x10:

cycles (Ref. 41)

EZ33A-T5 5
Fana cast [z
16 } v / = Sand-cast test bars
E e
-% ’ ’ ; \
g ’ . =
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P / S g s =
= ; 4 Air @
= I sp-0cps ]
£ ! [ ——rde s
2 t [ - =pm =
= vt m—Reld 4
s | Specimens 0 200 400 )
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10 2ot ﬂ Temperature {F)
] ¥ 1 ] 1 1
0.5 ' 2 3 4 5 Fig.3.6.2.1 Modulus of elasticity at room and elevated

Stress Intensity Range, AK (ksivin.)

temperatures (Ref, 42)

Fig. 3.5.3 Fatigue crack growth rates at three R levels
(ratic of minimum to maximum cyclic stress) (Ref. 32)
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£233A-75 Data determined on specimens EZ33A-T5 ’ |
Weld Metal cut from weld deposits 1/4in. thick GTAW Weld joint
5 by 1/2 in.wide by several in. long ™ Sand-casting to HM21A-T§ plate,
N EZ33A filler metat
N Fru & Fraclured in HM21A HAZ
\\ \ @ Fractured in EZ33A base metal
A IR NNNSNNNY "
H \\ S \\
=
@ .
2 » \\ = % <
& N g
B —&&kx = \
k] g Iy
2 Py —~x S S N
A \ u
= Fry
S 15
15 - \
..
10 - \‘\“
10
= 10
o=
£8 S
E] E ‘.I:=.‘
E ﬂsggﬁ 8 J
-400 -300 +200 -100 | 100 = /
o~
Temperature (F) = P
Fig.4.3.1 Effect of low temperatures on tensile proper- g ._____—-———""
ties of weld metal deposited by GMAW process (Ref. 44) = o

0 160 200 300 400 500 600
Temperature (F)

Fig. 4.3.2 Tensile properties at various temperatures of specimens
containing GTAW butt weld between EZ33A-T5 sand casting

and HM21A-T8 magnesium-alloy plate with EZ33A filler metal
{Ref. 45)

Note: The EZ33A was in the T5 condition prior to welding, and
a TS post weld treatment (420F, 5 hr)} was applied.
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Table 4.4.1 Effects of various surface treatments on the

rotating-beam fatigue strength of sand castings at 10

million cycles (Ref. 10)

Alloy: EZ33A
Form Sand cast 0.625 in. thick plates
Condition To(Fyy=21.3ksi)
Fatigue
Surface Strength at | Percent of
Condition 107 cycles| Coniro!
(ksi)
As polished (control samples) 85 100
Polished, peened 113 135
Palished, alkaiine cleaned, pickled 8 94
plus, Ne. 1 chromate conversion coating 7 82
No. 7 chromate conversion coating 6.5 76
HAE light anodic coat 7 82
HAE heavy anodic coat 7 82
No. 17 light anodic coat 55 63
No. 17 heavy anodic coat 7 82
Pofished, peened, alkaline cleaned, pickled 15 135
plus, No. 1 chromate conversion coating 11.5 135
No. 7 chromate conversion coating 1.5 135
HAE iight anodic coat 1.5 135
HAE heavy anodic coat 105 123
No. 17 light anodic coat 1.5 135
No. 17 heavy anodic coat 1" 130
Polished, alkaline cleaned
plus, HAE light anodic coat 8 94
HAE heavy anodic coat 9 1085

Notes

9 B D R

Code 3404
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. Fatigue test conditions: R =-1; 70F; 10,000 cpm.

. Polished: No. 400 polishing paper in longitudinal direction.

. Peened: 0.125 in, diameter steel shot to 5A Almen intensity.
. Pickled: Bilute nitric plus sulfuric acid for 10 sec.

. Alkaline cleaned: Immersed in sodium orthosilicate solution.
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GENERAL

This magnesium alloy is preduced both in the form of
castings and i the form of wrought products, primarily
sheet and plate and to a very limited extent forgings.
Casting production is primarily in sand molds, but per-
manent-mold and investment castings can also be pro-
duced, Castings develop optimum properties in the T6
conditien (solution treated and artificially aged) and for-
gings in the T5 condition {forged and artificially aged).
Sheel and plate are produced and used in the O condition
(fully annealed) and the H24 condition (sirain hardened
and partially annealed). The alloy 15 intended for ele-
vated temperature applications. Of the sheet aad plate
alloys, HK31A-H24 has the best short-time strength in
the range 250 to 530F; at lower temperature AZ31B-H24
ig stronger and at hipher temperatures HM21A- TS is
strosger. HMZ21A-T8, however, has superfor long-
time creep properdes at all elevated temperatures, Of
the magnesium casting alloys, HK31A-T§ bhas the best
short-time strength at temperatures above 540F; at
lower temperatures QE2ZA- T6 has superior sirength.
HK31A-T6 also has the best creep resistance of the
magnesjum ¢asting alloys at temperatures up to 500F,
but HZ32A- T6 has better creep resistance at higher
temperatures. The alloy has good formability, excel-
lent weldability, and good foundry characteristics with
the exception of only moderate resistance to hot crack-
ing. It is used mosuy for aerospace and missile appti-
cations where temperatures in the range 300 to 600F
are encountered. Like other magnesium alloys, it
requires a surface coating for correaion protection
over long periods of time.

Commercial Designation
HK31A

Alternate Deslgnations
HK31XA {obsolete), MTZ {British)

Soecifications
Table 1.03.

Gomggsition
Table 1.04

Heat Treatment

T6 condition: Solution treat at 1045 to 1055F 2 hours in
furnace atmosphere containing 1.0 perceat minimum
$09 or 6 percent minimum COp (the furnace should be
a1 temperature before it {s loaded), cool by stroag air
blast, artificially age at 390 1o 410F 16 hours, atr cool
{9112). .

T5 condition: artificially age a5 forged {F condition)
at 440 to 460 F 16 hours, air cool (9){10).

O condition, full anneal: 750F 1 hour, air cool {9}).
Partial aoneal after strain hardening, H24 condition:
550F 1/2 hour, air cool (9).

Stress relief after forming: for material in O condition
650F 1 hour, air cool; for material in H2d condition
550F 1/2 hour, air cool (9).

Thermal treatment after welding: for castings 400F

16 hours, air cool: for sheet and plate in H24 condition
600 F 1/2 hour, air cool (9)(11).

Haréness
H24 condition: 57 Brinell Hardness No. (13).
T6 condition: 55 Brinell, 66 Rockwell E {12).

Forms and Conditicns Available
Table 1.07.

Melting and Casting Practice
See AZ31B, Code 3601, section 1.08. For more details

of foundry melting procedures, see HZ32A, Code 3408

" section 1.08.

ial Congiderations

HK31A-T6 castings tend Lo grow slightly with increasing
holding times at elevated temperatures.

1.092
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2.011
2.012

2.0141

2.015
2.016
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2.022
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2.031
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2,032
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3.021
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Dimensional changes in castings at elevated ternpera-
tures, Figure 1.092.

Contarnination with alumisum must be avoided because
aluminum forms undesirable compounds with zirconium 3
(16).

Mg
Th

0.7 Zr

PHYSICAL AND CHEMICAL PROPERTIES

HK3 A

Thermal Properties
Melting range, 1092-1202F (18).

Phase changes. A coropound network, which has not
been {dentified chemically, tends to ferm at the grain
boundaries in the as-cast condition. Hot and cold wark-
ing tends to break up the network and selution treatment
at 1050F causes it to coalesce. No metallographically
vigible precipitation sceurs during artificial aging at
400F (17). .
Time-temperature-transformation diagrams.

‘Thermal conductivity, Figure 2.013.

Thermal expansion.

Mean coefficient of thermal expansion from 68 to 392F,
14.9 x 1078 per F (14).

Specifie heat, Figure 2.015.

Thermal diffusivity, Figure 2.018.

Other Physical Properties
Density, 0.0648 1b per cu {n (18}).

Electrical properties, Table 2.022.

Magnetic properties. Nonmagnetic-

Emittance. (sc¢ ZK60A, Figure 2.0241, Code 3306)
Damping ¢apacity. At a siress equal t0 0,1 Fyy, the

specific damping capacity of cast HK31A-T6 is 0.52,
which is a low level compared with other magnesivm
alloys {19).

Chemical Properties

Corresion resistance.

The galvanic and general corrosion characteristics of
HK31A are similar 1o those of AZ31B, Code 3601,
sections 2.0311 and 2.0312.

‘The resistance of HK31A to stress corrosion is some-
what better than that of AZ31B, Code 3601, section
2.0313.

Safety precautions should be directed to the prevention
of fires, burns, and explosions. (See HZ#2A, Code
3408, section 2.032).

Nuclear Properties

Thorium i5 2 radicactive metal. For comments on
precautions required by this characteristic, see HZ324,
Code 3408, sections 2.041 and 2.042.

MECHANICAL PROPERTIES

Speeified Mechaniczl Properties

Sheet and plate, Table 3.011
Castings, Table 3,012.
Premium quality sand castings, Table 3.013.

Mechanical Properties at Room Temperature
Tension.

Siress-strain diagrams. (se¢ Figure 3.03111, 3.03112,
3.031i3, 3.031:4, 3.03115})

Tensile properties of sheet and plate, sand castings,
and forgings, Table 3.0212.

Effect of exposures at elevated iemperatures on tensile
properties al room temperamre of sheet in H2¢ condi-
tion, Figure 3.0213,

Effect of exposures at elevated températures on tensile
properties at room temperature of castngs in T6
cendition, Figure 3.0214,

Compression.

Stress-strain diagrams (see Figures 3.03211 and
3.03212).

Compressive sirength of sheet and plate, sand castings,
and forgings, Table 3.0222.
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Effect of exposures at elevated temperatures on com=
pressive yield strength at room temperature, Figure
3.0223.

Enpact (see Figure 3.0331).

Bending.

Torsfon and shear.

Shear strength of sheet and plate and castings, Fable
3.0251.

Bearing.

Bearing properties of sheet and plate and castings,
Table 3.0261.

Stress concentration.

Notch properties.

Fracture toughness.

Combined properties.

Mechanical Properties at Various Temperatures

Tension.

Stress-strain diagrams.

RAress-strain curves for sheet in H24 condition at room
and elevated temperatures, Figure 3.03111.
Stress-strain curves for sheet in O condition at room
and elevated temperatures, Figure 3.03112.
Btress-strain curves for castngs {n T6 condition at
room and elevated temperatures, Figure 3.03113.
Complete stregs-siraln curves for gheet at low temp-
erateres, Figure 3.03114.

Complete stress—strain curves for castings at tow
tempertures, Figure 3.03115.

Elevated temperatzre tensile properties of sheet in
H24 condition adter various exposure times at test
temperature, Figure 3.0312.

Elevated temperature tensile properties of castings in
Té condition after various éxposure¢ times at test temp—
erature, Figure 3.0313,

Elevated temperature tensile properties of sheet in O
and H24 conditions at various strain rates, Figure
3.0314.

Elevated temperature tensile properties of castings in
TG condition at various strain rates, Figuro 3,0315.
Elevated temperature tensile propertdes of forgings
forged at various temperatures, Figure 3.0316.

Low temperatire tensile properties of sheet, Figure
3.0317.

Compression.

Stress-strain diagrams.

Rress-strain curves in compression for sheet in H24
condition at room and ¢levated temperatures, Figure
3.03211.

Stress-strain carves in compression for sheet in O
condition at room and elevated temperatures, Figure
3.03212.

Elevated temperature compressive strength of sheet in
H24 eondition after varicus expesure imes at test
temperature, Figure 3.0322.

Impact,

Charpy iropaet properties at low temperatures, Figure
3.0331,

Bending.

‘Torsfon ard shear,

Elevated temperature shear strength of sheet in H24
condition after various exposure imes at test tempera-
ture, Fipure 3.0351,

Bearing.

Elevated temperature bearing properties of sheet in
H24 condition after varfous exposure imes at test
temperature, Figure 3.0381.

Stress concentration.

Noteh properties.

Fracture toughness.

Combined properties.

Creep and Creep Rupture Properties

Isochronous stress-sirain curves for sheet in H24 con-
dition, Figure 3.041,

Isochronous st ress-strain curves for sheet in O condi-
tion, Figure 3.042.

Isochronous stress-strain curves for castings in T6
condition at teme rature of 400, 500, and 600F, Figure
3.043,
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Isochronous stress-strain curves for castings in T6
condition at 700 and 800 F, Figure 3.044.

Total ¢reep strain curves for castings in T6 condition,
Figure 3.045.

Effect of exposure time at test temperature prior 1o
loading on the 100 hour creep strength of castings in
TS condition, Figure 3.046.

One hundred hour creep strength of forgings in TS
comdition, Table 3.047.

Fatigue Properties
Fatigue strength of castings and sheet, Table 3,051,

Axial fatipue properties of smooth and notched sheet
5 &t roorn perature, Figure 3.052.
Axtal fatigue properties of smooth and notched sheet
specimens at 300F, Figure 3.053.

Axial fatigue properties of smooth and notched sheet
specimens at 500F, Figure 3.054.

Elastie Properiies

Poisson's ratio, 0.35 (13){(14}.

Modulus of elasticity.

Effect of temperature on static modulus of elasticity,
Figure 3.0621.

Compressgive tangent modulus ¢urves at room and ele-
vated temperatures, Figure 3.0622.

Compresgive secant modulus curves at room and ele~
vated temperatures, Figure 3.0623.

Modulus of rigidity, 2.4 x 103 ksi.

FABRICATIOR

Formability

HK3 A gheet and plate products, like most other
wrought magnesiuw alloys, have goed formability at
elevated temperatures but only limited formability at
room temperature. All of the common metal forming
methods are applicable. The cptimum forming temp-
erature range is somewhat higher than for AZ31B
{Code 3601), For the O condition forming temperatures
approaching 750F are recommended for forming times
up to one hour; whereas for the H24 condition forming
in the temperature range 650 to 750F {8 recommended,
the maximum all ble time at temperature decreasing
with increasing temperature from 1 hour at 650F to0 1
minute at 750F a5 shown in Figure 4.011 (14){29){30).
Minimum bend factor {ratio of bend radius to sheet or
plate thickness) as function of temperature, Figure
4,012,

Although it is not ry in all instances, stress
relief in accordance with section 1. 055 1s recommended
after severe {orming operations, particularly if carried
out below 650F,

HK31A bas good forgeability in the range 700 1o 1000F.
A T5 (artificial aging) treamment following forging is
recommended for optimum properties. The mechanical
properties are highly dependent on forging temperature.
Forging at the lower temperature provides bettor short
time strength at temperatures up to about 550 F; where-
28, superior short time strength above 550F and crecp
strength above 400 F are obtained by forging at the
higher end of the temperature range.

Machining and Grinding
This alley, like other magnesium alloys, has exception-

ally good hinnbility, which bles it to be machined
at high speeds and feeds. For further details see
HZ32A, Code 3408, section 4.021.

The alioy can be chem-milled with sulfuric, nitric, or
bydrochloric acid of 5 percent strength or greater (32).

Welding

HK31A has excellent weldability by arc and electric-
resistance methods, Gas welding is not recommended
becanse of the ¢orrosive fluxes used and the difficulty of
rerioving such flux from the joints. For arc welding
EZ33A magnesium alloy filler metal is generally used
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except when joining to ZE10A or to an aluminum-con-
taiving magnesium alloy, in which instances AZ92A

or AZGLA are suitable fller alloys. For maximum
weld efficiencies, thermal treatment in accordance with
section t,056 is recommended after welding. For
further details, see AZ3LB, Code 3601, section 4.031
(143(33).

0.014

0.012

4.032 Effect of temperature on tensile properties of 0.063
inch sheet, both unwelded and with are-welded bunt
joints transverse to gage length, Figure 4.032.

4,033 Effect of low temperatures on tensile properties of
0.125 inch sheet, both unwelded and with transverse
butt welds made by inert-gas-shield tungsten-are
process, Figure 4.033.

4.034 Shear strength of spot welds, Table 4.033.

4.035 Effect of temperature on the shear strength of resisi~
ance spot welds in 0.063 inch sheet, Figure 4.033.

4.04 Surface Treatment

4.041 The shect and plate products are normally ciled by the
producer with g light corrosion inhibitiag oil for pro-
tection during shipment and storage (1}{2}. Castings
can be treated gimilarly for this purpose or alterna-
tively they ¢can be chrome pickled (4).

4.042 For a diseussion of the various surface i{reatments that
¢an be applied for corresion protection, see HZ32A,
Code 3408, sections 4.042 and 4.043.

TABLE 1.03
Alloy HK31A
Source {1}
Forms Specifications
Sand AMS 4445C
ASTM B80-69

Sand castings

MIL- M-480624
Federal QQ-M=-565{1}
SAE 507

Permanent
mold castings

ASTM B199-6§
MIL-M-46062A
SAE 607

Investment eastings

Shect and plate

ASTM B403-67

AMS 4384D (O condition}
AMS 4335E (H24 conditicn}
ASTM B90-49
MIL-M-26075D

SAE 507

LINEAR GROWTR - PERCENT

¢.002

NONFERROUS ALLOYS

MgWT

0.010¢

0.008

0.006

0.004

TABLE 1.04
‘_.é_\]!oL HK314 Mg
Source 2)(3) (4) (SUEYTHS)
Percent Pergent Percent 3 Th
Compesitien Min Max Min | Max Min -l Max
Trorium 25 | %0 | 2.5 |46 |25 | 40 07 Zr
Zirconium, total 0.45 1.0 0.50 | 1.0 0.4¢ 1.0
Zirconiom, soluble+| - - 0.50 - - -
Zine - - - 0.30 - 0.30 HKslA
-Copper - - - 0.10 - 0.10
Nickel - - - 0.01 - 0_01
jmpurities, each - 0.15 - - - -
Impurities, total - 0.30 - 0.20 - 0.30
Mapnesium Balance Balance Balance
*+ Soluble zirconium is that portion of the zirconium which is soluble
in 1:4 hydrochloric agid held below its bolling point.
TABLE 1.07
IA.llgI HK31lA
Source (14){10)
Form Condition Thickness - in
Flat sheet and plate 0 {fully annealed) ¢.010 10 3.000
Flat sheet and plate H24 {strain hardened
and partially annealed) 0,910 to 3,000
Coiled sheet 8] 0.032 10 0.250
Coiled sheet H24 0.032 to 0.250
Castings TE -
Forgings (very limited
availability) TS -
HK31A 600F
SAND CAST
T6 CONDITION
Z T700F
500F
/ b
- i
e L 400F
10 160 1000
TIME -~ HOURS
FIG. 1.092 DIMENSIONAL CHANGES IN CASTINGS AT ELEVATED TEMPERA-
TURES. (15)
CODE 33503
PAGE 3
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M HK31A r
g @®SHEET AND PLATE, H24 CONDITION TABLE 2.022
3 Th & SHEET AND PLATE, O CONDITION Alloy HK31A
£0 |- SAND CAST, T6 CONDITION r/: Source 405
07 Zr E ./""' / Hloctrical Conductivity Electrical Restsavity
= //’" Percent IACS gmhos per in micrehm in
- Condition| H24 o] s H24 0 T6 H24 | O Té
HK 31 A L 70 '//(/J e lLo.]
= “/ 68 N 28.3 | 26.2{22. 0.416[0.38410.331 |2.40 | 2.60 |3.03
E l/.— 100 25.5 | 24.6|21.6 [ 0.3900.363{0.317 |2.56 | 2.76 |3.16
& x| / 200 23.0 | 21.6|19.5 { 0.339p.3180. 287 [2.95 | 5.14 3.9
=60 g 300 20.8 | 19.7]17.7 | 0.303p.290[0.260 {3.30 | 3.46 (3.85
o) 400 i8.6 | 17.8[16.2 | 0.274P.26210. 239 |3.66 | 3.82 {4.19
; 200 16.9 | 16.3[15.0 | 0.249D.240/0.220 |4.01 | 4.17 {4.55
50
0 200 400 500 800 1000
TEMPERATURE - F
FIG. 2,013 THERMAL CONDUCTIVITY. {1a)(18)
0.32
HK31A /
0.28
= a 4 TABLE 3.011
@ %. Alloy HEK31A
25,04 Form Sheet and Plaie
. - nd_Plai
= Fty | Fry e |Fey*
& Temp ;: Thickness | ksi ksi | (2 1n)| ksi
= Condition} Source E in min | min | min | min
= 20 Room 10.016-0.125 [34.0 | 26.0 | 4 =
o 200 400 600 800 1000 PR seo | 220l 2 :gg
TEMPERATURE - P H24 {3) 0.250-1.000 [34.0 | 25.0 4 20.0
1.000-3.000 |33.0 | 25.0 4 17.0
FI{. 2.015 SPECIFIC HEAT. {14) 600 |o 016-0.250 l10.0 | - 20 -
fsom |0,.036-0.25¢ (30.0 |18.0( 12 -
0.250-0.500 |30.0 118.0 | 12 10.0
Q (2) 0.500-1.000 120.0 |15.0( 12 10.0
N i 1.000-3.000 125.0 | 14.0( 12 10.0
s HE31A 0.063-0.250 | - - - Jiz.0
. SHEET AND N * Compression specimens oriented in longitudinal direction.
’N\ PLATE Orientation of tensile specimens not specified.
2.4 | o ™
= y p—— '\l
2.3 -
£ I~ eH24 cONDITION 3
g / 40 CONDITION
2.2l & l L
0 200 400 600 10 1000
TEMPERATURE - F
FIG. 2.0i6 THERMAL DIFFUSIVITY. as
TABLE 3,012
|aitoy HK314
Caondition T6
Source ) {8} (U]
Type Casting Sand Permanent Moid Invesunent
Temp | Furksi | Fry-ksi | e{2 in) Fey-ksi | Fypekst | e(2in) | Fy-kst | Fry-ksi e(2 tn)
Specimen F min min min mia min min min min min
Scparately east Room 27.0 13.0 4 27.0 i3.0 4 27.0 13.0 4
800 19.0 12.0 - - - - - - -
Cut {rom casting
single Room 19.0 0.5 - - - - - - -
average 4 ot more{ Room 23.0 11.7 2 - - - - - -
single 600 13.0 9.5 - - - - - - -
cove 3503
PAGE 4
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TABLE 3.013
Alloy HE31A
Condition T6
Form Premium Quality Sand Castings
Source {20)
Information | Tensile properties in des{gnated sections
of castings
Fiu - kst Fry - ksi (2 in)
Section® min min min
1 33.0 16.0 ]
2 29.0 14.0 3
3 25.0 12.0 1
X 19.0 10.5 1
* Seetions 1, 2, and 3 are desigoated critical sectons
of castings and would be specified for the particular
castng In question; section X covers unspecified
sections.
TABLE 3.0212
Allay HK31A
Thickness Ftu Fty e
Condition Form in Source | ksi | ksi |{2in’
0.016-0.250 33.0(20.0 |23
0.251~0.500 33.0{18.0 |20
O |sheetandplate o ohr o000 | 97 |s30fs.0 |17
1,001-3.000 32.0117.0 |17
0.016-0,125 38.0(30.0 ]
0.128-0. 250 37.0(30.0 ]
H24 |sheetand plate|y 55 3, 0pg | O9* |35.0|a1.0 |14
1.001-3,000 37.0]2%.0 410
Diameter-in
T6 sand cast 1/2 in test bar| (13) 32.0}15.0 8
Forge Temp
F
. 700 38.0)33.0 |17
T5 |upset forgings 1000 (9 Jag.0]z21.0 J1s

* Data shown arc typical values for the lowest strength directicn.

HK31A
40} SREET
H24 CONDITION
R 4p0F EXPOSURE
38 .y FTJU 500F
— BO0F
32
] N 2007
G 7 DOF
Fry
| 600F
24
600
20 P »
500F
= "]
=
N
© 10 400F
fad
-5
(e(2 IN)
o
o 1000 2000 3000 4000 5000

EXPOSURE TIME - HOURS

FIG. 3.0213 EFFECT OF EXPOSURES AT ELEVATED
TEMPERATURES ON TENSILE PROPERTIES
AT ROOM TEMPERATURE OF SHEET iN
H24 CONDITION.

{14)

MagWT

Mg
3 Th
KA | 0.7 Zr
SAND CAST TEST BARS
T6 CONDITION
361 400F EXPOSURE HK3iA
o'y -
; r——
{ 508 | o ——t—0_ |
32
Fry
28
€00F
s
24
&
X
20
400F
=i -
500F
16
F
6ooF | TY
12
8
8
o 200 400 600 800 1000
EXPOSURE TIME - HOURS
FIG. 3.02}4 EFFECT OF EXPOSURES AT ELEVATED
TEMPERATURES ON TENSILE PROPERTIES
AT ROOM TEMPERATURE OF CASTINGS IN
T6 CONDITION. {15)
TAEBLE 3.0222
Allgy HEK31A
Thickness Foy
Condition Form in Sourca| ksi
0.016-0.250 14.0
0.251-0.500 . |12.0
o] sheet and plate 0.561-1. 000 (14) 13.0
1.001-3.000 13.0
0.016=-0.125 23.0
0.126-0.250 27.0
H24 heel and pl: 14)*
shoel and plate | 4 "0s1-1. 000 an: oy
1.001-3.000 22.0
Diameter - in
Te sand cast 1/2 in test bar {21) 15.0
Forge temp - F
. 700 27
TS upset forgings 1000 {t0) 23
* Data shown are typical values for the lowest strength direction.
coDE 3503
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35

g —]
M HK31A HK31A P s e
g 26 SHEET SHEET /:__/._;'—,_,_—TE-;"‘
3 Th H24 CONDITION Hz4 CONDITION =]
07 z * ! 7
) I 300F
d 400F EXPOSURE ——LONGITUDINAL 2
" —— —TRANSVERSE ,"_E
HK3IA 25 7 // pos
T ________.-—'——‘
,’/"/’- 400 F
22
“—-—-______5225 20 / //‘,—,-
T s00F—F>
20 "l
oy / /
W15 7
18 600F
600F 10
B ———
4 e T
1R
) 1000 2000 3000 4000 5000 /
EXPOSURE TIME - HOURS 5
FIG. 3.0223 EFFECT OF EXPOSURES AT ELEVATED
TEMPERATURES ON COMPRESSIVE YIELD
STRENGTH AT ROOM TEMPERATURE, {14) 00 v — s v s "
STRAIN - PERCENT
FIG. 2.03111 STRESS-STRAIN CURVES FOR SHEET IN H24 CONDITION
AT ROOM AND ELEVATED TEMPERATURES. (1)
TABLE 3.0281
Alloy HK31A
Fﬂ\l
Condition Form Thickness - in Source | ksi
0.016-0.250 24.0
0.251-0.500 24.0
o sheet and plate | ¢ 501-1.000 09" a0
1.001-3, 000 24.0
0.016-0.125 26.0
H24 | sheet and plate | 9-126-0.230 (4 | 260
0.251-1.000 21.0
1.001-3.000 26.0 30
Diameter - in HK31A
Té sand gasl 1/2 in test bar {12y 122.0 SHEET
[ Data shown are typical values for the lowest strength direction. o CQNDll'I'ION
2%
+
LONGITUDINAL
—-——TRARSVERSE T0F
20
300F |
TABLE 3,0261 ¥is === S
|Alloy HK31A 400 F ]
Thickness Fhru| Fory i
Condition Form in Source | e/D*| ket | ksi / 7
@.016-0-250 2.5 |58.0]26.0 10 1/’ 500F
0.251-0.500 58.0 | 27,0
heet and pl M
O [shestondplate | o iiooo | % 58.0 | 21.0 |~ $30F
1.001-3. 000 57.0 | 21.0 i
0.016-0.125 2.5 [67.0 |41.0 s /
0.126-0.250 65.0 | 41,0
2, -
W24 |sheevandplate o0, 5 apg | (14 68.0 | 44.0
1.001-3. 000 65,0 | 40,0
Hze shoet ©.064 oy [P0 [89-1]34.8 0
m;:;‘r_m 1.5 150.3 35.1 o 0.2 0.4 0.6 0.8 1.0 1.2
T sand east \/2 intestbar| (12) 2.5 |61.0|a0.0 STRAIN - PERCENT
* ©/D = Edge distance (o diameter ratio, . FIG. 3.03112 STRESS-STRAIN CURVES FOR SHEET IN O CONDITION
Data shown are typical values for the strength direction) AT ROOM AND ELEVATED TEMPERATURES. (14}
copE 3503
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25 50 T T
mcsm{ ~424F  HK31A M
SAND CAST TEST BARS SAND CAST TEST BARS aq
Té CONDITION 5F T6 CONDITION 3 Th
20 40 | i
/ 323F -109F 0.7 Zr
300F
|t / 80F
15 < — e 30 ” HK31A
500F
/ — wor L~
7 —
g / | . —00F g /
10 / 74 L] 20
3 / 800 F — 10
/‘_——
o 0
[} 0.2 0.4 0.6 0.8 1.0 1.2 0 5 10 15 20
STRAIN « PERCENT STRAIN - PERCENT
FIG. 3.03113 STRESS-STRAIN CURVES FOR CASTINGS IN Té FIG. 3.08115 COMPLETE STRESS-STRAIN CURVES
CONDITION AT RGOM AND ELEVATED TEMP- FOR CASTINGS AT LOW TEMPERATURE.
ERATURES. as) (23)
40
HK31A
SHEET
o K24 CONDITION
* \\‘
\ 0.5 HR EXPOSURE
20 . ! ]
80 3 Fry K
T ) TG
HK314 100 HR —
SHEET 0 =1000 HR-]
-424F O CONDITION
50 Vd
/_ 323F .__R
40 20 |\1
- 1o
/_/ 9 ’\*1& .5 HR
80F 7] F.
“ TY 100 HR \/
.30 2 ] et 10 R
w
20 —" o
10
10 1000 HR
Es0
o
&
[}
0 5 10 15 20 25 20 35 = e(2 I
STRAIN - PERCENT a0
FIG. 3.03114 COMPLETE STRESS-STRAIN CURVES FOR SHEET AT LOW ot T | R———
TEMPERATURES. @3)
10
0 100 200 300 500 500 600
TEMPERATURE - F
FIG. 3.0312 ELEVATED TEMPERATURE TENSILE PROPERTIES
OF SHEET I Hz4 CONDITION AFTER VARIOUS
EXPOSURE TIMES AT TEST TEMPERATURE. (22)
CODE 3503
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Mg HK31A
SHEET. 30
3 Th W
0.7 Zr N ° CONDITION
30 20 g
HK3A .
2
.. 20 0=
7]
EH
L}
-
h‘-
10 [~ STRAIN RATE 0
® 0.050
© 0.50 }IN PER IN PER MIN
A 5.0
0
0\
N H24 CONDITION
40 ) N 30
HK31A
SAND CAST TEST BARS
ol T6 CONDITION
30 — 36 20
"\4\ ha g
10 MIN ,
- R~ Exposure _ 2
g20 4 B2 10 =
100 HR——
Fry ' Fry
» ol
/ s [~
B
0 000 HR ; 10 o
0
o 1
[ 200 400 600 300
20 TEMPERATURE - F
10 MIN——————
— FIG. 3.0314 ELEVATED TEMPERATURE TENSILE
= PROPERTIES OF SHEET IN O AND H24
<10 F 100 HR '\l CONDITIONS AT VARIOUS STRAIN RATES,
Y > 1 (14)
1000 HR:
.
1]
. p
3 20 3 et HK31A T
8 SAND CAST TEST BARS
5] Sy
= 10 MIN T6 CONDITION
S ._._—-—“"/'J e(2 IN) D 30
=3
0
100 200 300 400 500 600 700 > Fru
TEMPERATURE - F
203
FIG. 3.0313 ELEVATED TEMPERATURE TENSILE PROPERTIES OF 2
CASTINGS IN T6 CONDITION AFTER VARIOUS EXPOSURE '
TIMES AT TEST TEMPERATURE, (13) 2
=
20
Fry
a @—r_ﬁ_ﬂ
0
. STRAIN RATE
ﬁ @ 0,050
[ © 0.50 | IN PER IN PER MIN
o250 [rENsioN
o 200 400 600 300
TEMPERATURE - F
FIG. 3.0315 ELEVATED TEMPERATURE TENSILE
PROPERTIES OF CASTINGS IN T6
CONDITION AT VARIOUS STRAIN RATES.
’ 24
co0E 3503
© 197}, Belfour Stulen, Ie.
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" : a0
HK31A
FORGINGS Mg
T5 CONDITION
© N a0 30 3 Th
HK31A
Fry B SHEET 0.7 Zr
\ : H24 CONDITION | - 70F
L = 25 - T—<300F |
30 w0 F ——— LONGITUDINAL e S0F HK3l1A
—— TRANSVERSE
| g i
Z2 | o—t—o. p | I 20 v —
1
o
5
3 ® 01 IN THICK /
10 DISK - 15 A
~ AlxSxSINSLAB, LT[ \ g
]
FORGING TEMPERATURE
® 700F 10
O— o 1000F e 500F
A VE S
o NOT GIVEN /
5
=
E 40
[4]
= 0
o % 0 0.2 0.4 0.6 0.8 1.0 1.2
e(2 ) STRAIN - PERCENT
0
0 200 400 600 FIG. 3.03211 STRESS-STRAIN CURVES IN COMPRESSION FOR SHEET
TEMPERATURE - F IN H24 CONDITION AT ROOM AND ELEVATED TEMP-
ERATURES. 14)
FiG. 3.0316 ELEVATED TEMPERATURE
TENSILE PROPERTIES OF
FORGINGS FORGED AT
VARIOUS TEMPERATURES.
o)
60 .
o HK31A
k"“‘\k SHEET
-~ \F TU ® H24 CONDITION
50 =] & O CONDITION 25
=3 HK314
% SHEET
A O CONDITION
%0 \:,,_\ 20 |
~a LONGITUDINAL R
\\ —=— — TRANSVERSE ___ tr——— oF
B —
Eso __—-—-" N, 5 P YT
F = 4
""‘-—L-—.E o V/ e —— 1 500F
———— — A
M 2 /‘ [ 600F
—_ / ]
20 ! \. 10 ///
/,—-—"“—';—::_ 700F
10
30 . s el
/
20 // 0
z 0 0.2 0.4 0.6 0.8 1.0 1.2
Q /( STRAIN - PERCENT
& —
20 - ek FIG. 3.03212 $TRESS-STRAIN CURVES [N COMPRESSION FOR
——% ol2 SHEET IN O CONDITION AT ROOM AND ELEVATED
- (. N o o TEMPERATURES. (14)
-
o
-400 ~300 -200 -100 0 100

TEMPERATURE - F

FIG. 3.9317 LOW TEMPERATURE TENSILE PROPERTIES OF
SHEET. (14}
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Mg
3 Th

20

HK31A
SHEET

H24 CONDITION
t

0.7 Zr

HK3IA

15

™ T
*\I\<"R EXPOSURH

Ksl

10

Fey

100 Hfll

N

1
1000 HR—=—

\

FIG. 3.0322 ELEVATED TEMPERATURE COMPRESSIVE STRENGTH

i4

Fr- LB

100 200 300

- 400 5

TEMPERATURE ~ F

00

OF SHEET IN H24 CONDITION AFTER VARIOUS
EXPOSURE TIMES AT TEST TEMPERATURE.

—
HK31A

® T6 CONDITION, SEPARATE SAND CAST BAR

4 O CONDITION, PLATE I l

/

/

]

UNNOTCHED

Y

s

|
V NOTCH

al | _

—]

-/.

€00

{22)

~300 =300 -200

~100 0

TEMPERATURE - F

100

FIG. 3.0331 CHARPY IMPACT PROPERTIES AT LOW TEMP-

CODE 3503

PAGE 10

ERATURES.

{23

H28)

REVISED: DECEMBER 1971

20
HK31A
SHEET
b H24 CONDITION
16
0.5 HR EXPOSURE
12 P ! ;
g TN 100 HR
Fsy
8
[ i \\n
1000 HR 9
‘ l
0 100 200 300 400 500 600

TEMPERATURE - F

FIG. 3.0351 ELEVATED TEMPERATURE SHEAR STRENGTH OF
SHEET IN H24 CONDITION AFTER VARIOUS EXPO-

SURE TIMES AT TEST TEMPERATURE, (22)
L ]
N l HK31A
F SHEET
\ BRU H24 CONDITION
* X .
0.5 HR Exposvrlt?
@ |
| 00 HR
—t

- A
wr

30
x ey i

Fary P~
\4\
T
20 e/D=2.0
N
1000 HR N
10 1
) 100 200 300 400 500 600

TEMPERATURE - F

FIG. 3.0361 ELEVATED TEMPERATURE BEARING PROPERTIES OF
SHEET IN H24 CONDITION AFTER VARIOUS EXPOSURE
TIMES AT TEST TEMPERATURE. {22)
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20
; |
1 MIN, HK31A
5 MIN
3 8EC 7 somy  SHE SHEET
| 15 SEC | H24 CONDITION
16 Ay g T 1 MIN
10 HR // 2 MIN
1 s : % AN
100 HE | / 5 MIN
15 ! 1¢ MIN
" i 15 / 15 SEC
] 1000 HR f 4 30 MIN 55 SEC
. ::77_1mm
2 MIN
A
4 /<" {
™10 MIN
100 HR
400F 500F 800F
100 HR
0 X -
0 0.8 1.6 2.4 0 6.8 1.6 2.4 0 0.5 1.8 2.4
STRAIN - PERCENT
FIG. 3.041 ISOCHRONOUS STRESS-STRAIN CURVES FOR SHEET [N H24 CONDITION. o]
i HK31A |
I SHEET
16
1
MIN O CONDITION
5 MIN
» 10 M 3
// 15 M 15 SE
12 30 SEC —L— | Mmv I
> -
= 30 N pa—
100 HR 30 M]N;(::j_,.—-—
. ] . ;l R {15 SEC ]
5
2 :::ijra——smm
/ e 10 MIN]
. | ] 200N
/ l
400F i~ F0HR  sq0p 600F
100 HR |
0 —
o 0.8 1.6 2.4 0 0.8 1.5 2.4 0 0.8 1.5 2.4
STRAIN - PERCENT
FIG. 3.042 ISOCHRONOUS STRESS-STRAJN CURVES FOR SHEET IN O CONDITION. (14

MgWT

Mg
3 Th
0.7 Zr

HK3lA
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M HK314 |
9 20 SAND CAST TEST BARS
LY HR .
3 Th s bee q sHm | T6 conprTiaN
07 Zr ] )/ R 15 SEC B" sMiy
: N | a2z | N s v
16 /\m ~ / e ' o MDA
HK3tA / - ?/égﬂl h
12 : ; / /%/2 HR
r L
! //
= : 10 HR
g : W /
4 /’
00F S00F 600F
0l
3 0.8 1.5 2.4 0 0.8 1.6 2.4 0 0.8 1.6 2.4
STRAIN - PERCENT
FIG. 3.043 ISOCHRONOUS STRESS-STRAIN CURVES FOR CASTINGS IN T6 CONDITION AT TEMPERATURES OF
400, 500, AND 600F. (1s)
10
| HE31A |
ssee SAND CAST TEST BARS
d ) T6 CONDITION
Ll o
/ /,__ 20 MIN
e
& // /4 1 HR
|2 HR 800F
g |17/
4 /
i ——sHR 15 SEC -
/ / V /______ 5 MIN
2 / [/ 30 MIN —
1 HR
700F 10 HR
-
0 /
o 0.8 1.5 2.4 3 0.8 1.6 2.4
STRAIN - PERCENT
FIG. 3.044 ISOCHRONOUS STRESS-STRAIN CURVES FOR CASTINGS IN T6 CONDITION
AT 700 AND S00F, (s}
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STRESS - KSI

NONFERRQUS ALLOYS

20l—1.0 PERGENT TOTAL EXTENSION—T—

|
HE31A
SAND CAST TEST BARS
T6 CONDITION

T

10

0.5 PERCENT—L~

0.2 PERCENT A"

s

0.1 PERCENTA—

400F
1
20
= — 1.0 PERCENT
10 i ———— e
e ]
0.5 PERCENT -
N | o2 PEHCENT“7\-‘\‘_"
T | ~_
0.1 PERCENT —| I
500F
1
—-__—"-“—-—_
Lop——>— e
_5 PERG
—_£70.5 PERCENT --—-.__\o PERCENT
5 =]
e
F\\\\
0.2 PERCENT \\\
0.1 PERCENT %\
600F
1
01 1 10 100 1000
TIME - HOURS

FIG. 3.045 TOTAL CREEP STRAIN CURVES FOR CASTINGS IN T6 CONDITION. (15)
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HK31A
Mg SAND CAST TEST BARS
3 Th 20 T6 CONDITION l
07 zr | 0.5 PERCENT TOTAL EXTENSION
: 10 0.2 PERCENT
0.1 PERCENT
HK3IA 5
0oF
i5)|—
10 5 PERCENT
0.2 PERCENT
-5 0.1 PERCENT
o
X
S00F :
1 i
]
10 ]
5 0.5 PERCENT:
—_
0.2 PERCENT T
P \
0.1 PERCENT —
600F ! "‘—"-bﬁ
1 |
1 10 100 1000
EXPOSURE TIME - HOURS
FI1G. 3.046 EFFECT OF EXPOSURYE TIME AT I'EST TEMPERA-
TURE PRICR TO LOADING ON THE 100 HOUR CREEP
STRENGTH OF SAND CASTINGS [N T6 CONDITION.
{15)(26)
TABLE 3.047
alloy HK31A
Condition T3
Form Forginms
Source {10)
Stresses for the following extensions
in 100 hr, ksi
Test Forge 0.1 percent| 0.2 percent| 0.5 percent
Temp-F | Temp - F creep total togad
400 700 17.0 1.0 18.¢
1000 18.5 11.9 19.¢
500 700 L4 1.5 2.4
1000 3.0 7.4 9.8
500 1400 1.6 1.8 2.5
CobE 3503
PAGE 14

TABLE 3.051
|5ouree (5)(27)
Foym a) Sand Casting {b) Sheet
Stress | Stress Fatigue Strength-ksi
Temp| Method Ratio Concen— at Cyeles
Condition | F al ® vraten |08 | 106 | 107 |108
(2} TE RT |Ror berd] o |-1 |Smooth (15 tofl2t0 RO |9 0
18 14 12 11
Rev bend] © |=1 |Smooth fi6i [0 te|8to | -
20 |12 10
(b} H24 RT |Direct 10.80]0.25/A8 rolled)22 toy 19 to|l8 to | -
Btress 25 22| 20
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UNWELDED AND WITH TRANSVERSE BUTT
WELDS MADE BY INERT-GAS-SHIELD TUNGSTEN

ARC PROCESS. (35)
TABLE 4.034
Alloy HK31A
Form Sheet
Condition H24
Source 34)
Sheet Spot Weld Shear Strength
Thickness Diameter Range Range
in in 1b/spot
0.032 0.16-0.23 250-350
0.040 0.15-0.25 250-480
0.063 0.25-0.35 660-990
0.090 0.28-0.36 840-1200
0.125 0.25-0.45 830-1820
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J.G. SESSLER

1. GENERAL
HM21A is one of a recently developed series of heat
treatable magnesium alloys containing thorium and
manganese as hardeners. [t is available in the form of
sheet, plate and forgings for service at temparatures
up to 700F. Sheet and plate in the T8 condition are
superior to HE31A-H24 {or short time service above

S5S0F and, at lower temperatures for long time service,

Sheet and plate in the T81 condition are superior to
HM21A-78 at temperatures up to B0OF and are
comparable with HM21A-T§ at 600F and above.
Forgings in the T35 condition offer the best combination
of properties for magnesium alloys in the temperatare
range of 500 to TO0F. This alloy can be readily
welded and it is free from stress cracking.

1.01 Commercial Designation
HM21A
1.02 Alternate Designation
None
1,03 Specifications
Table 1.03
TABLE 1.03
Source (4) {5)
Alloy HM214
Form and Condition AMS U.5. Government
Sheet and Plate - T8 Condition 43200 Mil-M-8917 {(a)
Sheet and Plate - T81 Condition 42383 -
Forgings - T3 Condition 4363A -
Forgings - QQ-M-40b (b}
{a) Military specification
(b} Federal specification

1.04 Composition
Table 1.04
TABLE L.04
Source (4}
Alloy HM21A
Percent
Min | Max
Thorium L5 2.6
Manganese 0.45 1.1
Impurities
each - 0.10
total - 0.30
Magnesium Balance
1.05 Heat Treatment
1,051 Skeet and plate are heat treated to T8 corndition or

TS1 condition by the producer of the alloy. Its'
favorable properties of T8 sheet and plate arc
obtained by cald work between salution treating and
aging. The T31 condition is obtained by modifications
at the rolling mill of the basic T3 condition matenial,
(Tef 8).

1.052 Forgings, Age F condition (as forged) to T5 condition
450F, 15 hours.

1.06 Hardness

1,061 Hardness of T5 forgings. At RT 5362 RE (2).
67 RE (14).

1.062 This alloy hardens fully an heat treating in all

commercial section sizes.

1.07
1.071

1.072

1.08
1.081

1.09
1,091

1,092

2,012
2.01%

2.016

2,02
2,021

2,022

[N
o o o
TRl
[ ]

2.026

2.03

2.421

(O
-3
B
)

Forms and Conditions Available

Sheet and plate are available in the full commercial
rznge of sizes in the T8 condition but are limited to the
thickness range of 0,125 to 0.312 inch in the T81
condition,

Forgings are available in ail commercial sizes and
senerally are in the TS condition.

Melting and Casting Practice
Magnesium meiting practice for ingots comprises

alloying and meltiog in iren pots under flux and
continuous casting of ingots up to about 28 inches
diameter.

Special Considerations
Alloys containing thorium require dust and fume

control to prevent radiation peisening, Normal dust
control for fire hazard during grinding is satisfactory.
Welding requires local exhaust of the fumes.

AEC license is required for fabrication and application
of this alloy.

PHYSKC AL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range. Solidus temp: L121F
Liquidus temp. 1202F,

(Ref 8)(Ref 16},

Phase changes. Alloy is subjegt to precipitation.

Thermal conductivity,

At RT. 79.2 Btu ft per (hr sg ft F).
At GOOF. 81.7 Btu ft per (hr sq [t F),
(Ref 8).

Thermal expansion, Figure 2.014.
Specific heat, Figure 2.015.

Diffusivity, Figure 2,016

Other Physical Properties

Density. 0.642 Ib per cu in
1.776 gr percucm,

(Ref 10)(Ref 15).

Electrical resistivity, Figure 2,022,

Magnetic properties. Alloy is non-magnetic,
Emissivity.
Damping capacity, Figure 2.025.

Ignition temperatare (estimated) 1180 to 1200F,
(Ret 8).

Chemical Properties

{See also AZ31B).

General. The base metal salt water corrosion
resistance of the wrought magnesium thorium alloys is
somewhat better than that of other wrought and cast
magnesium atloys. HMZ21A is believed not to be
suseeptible to stress corrasien. No failures have
occured in T8 sheet specimens exposed t¢ a rural
environment for over 7 years when gtressed to 75
percent of Fty, Surface preparation of these specimens
consisted of acetic nitrate pickle plus abrasive
cleaning with # 100 grit zloxite cioth, (Ref 1) (Ref 15).

Nuclear Properties
Alloy is slightly radicactive, equivalent to a watch

dial.

The menganesc content and resulting high nuciear cross
section make this alioy unsuitable for applications
where nuclear shielding is undesirable.
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3. MECHANICAL PROPERTIES
Mg | 3.2 Specified Mechanical Properties
3.011 AMS specified mechanical properties, Table 3,011,
2 Th
TABLE 3,011
08 Mn _
Source AMS 4390 AMS 4383 AMS 43634
Form Sheet, Plate Sheet, Plate | Die Forgings Ring Forgings
HM 2l A Condition TS TB1 TS T5
Thickness, inch 0,016 [ 0.250 | 0.500 [ 1,000 | 2.400 0,125 up to All up to over
to to to o to to 4.000 2.000) 2.000
0,250 | 0.500 | L.000 | 2,000 | 3,000 Q0.312
Direction Parallel Circum.] Axial | Axial
to Flow
Fm , min, ksi 33 az 30 30 30 34 a3 32 26 26
Fty' min, ksi 18 21 21 21 2t 25 25 25 13 10
Py min, kel 15 20 17 15 M 22
e(2 in), min, percent § 6 8 5 & 4 3 4 6 g
3.0213 Minimum design properties for T21 sheet and plate.
Table 3.0213.
TABLE 3.0213
Source {8)
Alloy HMZ1A
Form Sheet and Plate
Condition T81
Thiclmess, inch 0.125 to 0.250 to
0.250 0.312
3.02 Mechanical Properties At Room Temperature
3.021 Tenslon. See also 3.031, Ftu , kai, min 33 34
3.0211 Stress strain diagrams. BSee 3,0211. F, , ksi, min 25 25
3,0212 Typlcal mechanical properties of sheet and plate, R
Table 3.0212. e(2 in), percent 4 4
F,. ksi, min 22 22
TABLE 3.0212 ¥
Source (1)
Alloy HM21A
Form Sheet and Plate
Condition T8 3.0214 Average mechanical properties of rolled rings
preduced from upset blanks, Table 3.0214.
Thickness, inch 0.016to | 0.250to | 0.500 to | 1.000 to| 2,000 ioy
0.250  |o.500 1000 |z.000 | 3.000 TABLE 3.0214
Fooksi L 36 37 35 34 34 Source (9)
T 35 39 ] 37 39 Alloy HM21A
min a3 32 30 a0 30 Form Rolled Rings from Upset Blanks
Condition TS
N Relling Reduction
Fty . kst L 28 30 28 25 26 Orientation
T 24 25 26 27 28 20 1 10| +o
N min 13 21 21 21 21 Percent]Percent] Percent
Ftu , kst Ta:_1g 33 39 40
F., ki L 21 24 22 20 18 Axial 34 34 36
Y T 20 25 23 a1 20 Radial 34 36 36
min 15 20 17 13 14
by ksi Tang 29 33 34
Y Asial 14 18 23
c({2 in). percent Radial 13 14 17
L El 11 12 11 10
T i7 14 17 13 11
min 6 & 6 'y 8 e, percent Tang El 7 g
Axizl 10 11 9
Radial 14 15 12
E‘c . ksi Tang 15 18 21
4 Axial 13 135 18
Radial 15 18 22
cooe 3504
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3.0215 Average mechanical properties of rolled rings 3.03 Mechanical Properties at Various Temperatures
produced directly from cast blanks, Table 3.0215. 3.031 Tension . Mg
3.0311 Siress straln diagrams.
TABLE 3.0215 3.03111 Tensile stress strain curves for sheet in TS condition, 2 Th
Figure 3.03111.
3.03112 Tensile stress strain curves for sheet in T81 conditien,
Source (@) Figure 3.03112. 08 Mn
Alloy HM21A 3.0312 Effect of test temperature on tensile properties of
sheet in condition T3, Figure 3.0312.
Form Rolled Rings from Cast Blanks 3.0313 Effect of test Lemperaturguon tensile properties of HM 2' A
Condition TS plate in T8 condition, Figure 3.0313.
Rolling Reduction 3.0314 Effect of test temperature on tensile properties of
Orientation sheet and plate in the T81 condition, Figure 3.0314.
20 40 €0 3.0318 Effect of test tempersture on tensile properties of
Percent] Percen{ Percent, forgings, Figure 3.0315.
3.0316 Effects of test temperature and test direction on
B - ksl Tang 31 34 a7 tensile properties of forgings, Figure 3.0316.
Axial 28 3t 34 3.0317 Effects of forging temperature and test temperature
Radial 30 a3 33 on tensile properties , Figure 3.0317.
3,0318 Effect of strain rate on tensile properties of sheet
Fg | ksi Tang 22 27 30 at various-test temperatures, Figure 3,0318,
¥ Axial 1% 20 23 3.032 Compression,
Radial 12 12 16 3.0321 Compresgive stress—strain carves for sheet in T3
condition, Figure 3.032L.
3.0322 Effect of test temperature on compressive yield
e, percent Tang 2 5 5 strength of sheet, Figure 3.0322.
Axial a 6 5 3.0323 Effect of test temperature an compressive yield
Radial g 12 9 gtrength of plate, Figure 3.0323.
3.033 " Impact.
3.034 Bending.
F . ksi Tang 13 15 20 3,035 Torsion and shear,
i Axial 13 15 19 3, 0351 Effect of test t e hear strength of sh
- a emperature on gsheir sireny of sheot
Radial 16 1 22 in T8 condition, Figure 3.0351.
3.03s52 Effect of test temperature on shear strength of
plate in T8 condition, Figure 3.0352.
3.0216 Effect of exposure {0 elevated temperature on tensile 3.036 Bearing.
properties of sheet ot room temperatwre, Figure 3.02185. 3,0361 Effect of test temperature on bearing properties of
sheet in T8 condition, Figure 3,0361,
3.022 Compression, (See Tables 3.01, 3,0212, 3.0213, 3.0362 Effcet of test temperature on bearing properties of
3.0214 and 3, 0215). plate in T8 condition, Figure 3.03682.
3.023 Impact, 3.037 Stress concentration.
3.0231 Charpy V Noteh impact strength of TS forgings at 3,0371 Notch properties.
room temperature. 5.2 ft bs, (Ref 2). 3.0372 Fracture toughness_
3.024 Bending. 3.038 Combined properties.
3,025 Torsion and shear.
3.0251 Room temperature shear properties of TB sheet and TABLE 3.0261
plate, Table 3.0251,
TABLE 3.0251 Source (1)
Alloy HM21A
Source 48] Form Sheet and Plaze {(a}
Alloy HM21A Condition T8
Form Sheet and Plate {(a)
Thickness, inches 0.016 to |G.250 to| ©.500 tq 1. 000 tof 2. 000 to|
Condition T8 0.250  |0.500 | 1,000 [z 000 |3.000
Thickness, inches 0.016 to| 0.250 td 0.500 tof 1. 000 to| 2. 000 to| (efd = 1.5)
0.250 | 0.500 |1.000 |2.000 [3.000 Fopg bl L 53 57 - o3 P 53
T 33 6l 57 37 61
Fsu' ksi L 25 26 24 24 24 min 47 45 43 43 43
T 24 27 26 26 27
min 21 20 19 19 19
. : . F, ,hksi L 38 42 40 38 36
(a) Data given are typical and minimum properties are not guaranteed) bry T s 13 41 19 38
min 29 35 31 29 27
(e/d = 2.0)
3.026 Bearing. s -
3.0261 Boo:ntimpemmre bearing properties of T§ sheet and Fom Kl ; 2; ;57; :g g; ;)i
plate, Toble 3.0261. min 56 51 52 52 52
Fbry ,ksi L 39 42 40 33 36
3.027 Stress concentration. T 38 13 a 32 s
3.0271 Kotch properties. mn 29 35 3 29 ¥
3.0272 Fracture toughness, i .
3.028 Combined properties. {a) Data given are typical and minimum properties are not guaranteed.
cope 3504
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3.04 Creep and Creep Rupture Properties 4.
Mg 3.041 100 hour crecp and total strain data for sheet and 4.01
forgings, Table 3,041, '
4.011
2 Th
08 Mn TABLE 3,041
H M 2' A Source {(1(2)(10}
Condition 100 Hr Strength. ksi
Test Test Creep ‘Total Strain
Direction Temp 0.1 0.2 0.5
F Percent Percent | Percent
=== 0.125 In Sheet
TS - 300 14.9 12.0 15.6 4.012
- 400 13.3 1.4 13.5 4.013
- 500 8.0 7.0 8.0
- " 600 5.0 5.0 6.0
- 700 2.3 2.6 3.3 4.014
1 In Disk Forged at 700F 4.015
5 - 400 8.0 2.5 19.0
- 500 12.0 9.5 13.3
- 600 7.7 7.0 9,0 8,02
- 700 3.7 3.8 5.4
4.021
1 in Disk Forged at 1000F
TS - 400 13.8 11.2 5.0
- 500 12.0 %.0 13.5
- 800 5.4 5.3 6.6
- 700 2.6 2.6 2.9
Production Forgings
T3 Axial {a} 400 11.0 9.5 12.0 4,022
600 5.0 7.2 - 8.0
700 3.1 3.1 3.3
Trans (a} 400 11,0 9.4 12,0
600 7.6 6.9 8.2 4.023
Radial (b) 700 3.5 3.5 3.9
400 13.0 1.0 15.0
600 6.0 6.0 6.2
700 3.4 3.2 3.8 4.024
(a) Specimens taken {rom forged wheel .
{b) Specimens taken from forged impeller fin.
3.042 Stresses for ¢, 1 percent creep strain in 100 hours for 4.03
sheet, Fipure 3.042. 4.031
3.043 Isochrenous stress strain curves.
3.0431 Isochrenous stress strain curves for T3 shect at
400 to 900F, Figure 3.0431.
3.0432 Isochronous stress strain curves for TS1 sheet at
600F, Figure 3.0432,
3.0433 Isochronous stress strain curves for T2 sheet at 4,04
TOOF, Figure 3.0433.
3.0434 Iscchronous siress strain curves for T3L sheet at
S00F, Figure 3,0433. 4.05
3.0435 Isochronous stress strain curves for TB1 sheet at 4.05t
400F, Figure 3.0435.
3.0436 isochronous stress strain curves for forgings at
400 o T00F, Figure 3,0436.
3.63 Fatizue Properties
3.051 §-N curves for sheot tosted at Teom temperature,
400F and 600F, Figure 3.051.
3.052 S-N curves for smooth and notched specimens from
{orgings tested at room temperature, Figure 3.052.
3,053 §-N curves for smooth specimens from forgings tested
at room temperature, 400F and 600F, Figure 3.053.
3.06 Elastic Properties
3.061 Peisson's Ratig, 0.35. (Ref 10).
3.062 Modulus of elasticity.
3.0621 Effect of test ature on of e ieity.
Figure 3.0621.
3.063 Modulus of rigidity. 2400 ksi. (Ref 10).
cope 3504
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FABRICATION

Formability

General, Magnesium alloys possess excellent
formahility at elevated temperatures and many
operations requiring relatively mild deformation
around generous radii (as in bending} can be done at
room temperatare for HM21A, no significant change
in bending radius occurs from room temperatmre to
500F, Parts requiring bends sharper than can be
made at reom temperature should be bent at 600 to
800F. In drawing operations the sheet requires die
temperatures of 700 to 750F with drawing speeds up to
12 inches per minute. Punch temperatures of 350 to
400F are recommended and generous radii on drawing
dies should be employed, (Ref 10}(Ref 15).

Hot working temperature range. 650 to 800F, (Refl 16).
Die temperature of eleetrically heated dies for hot
dimpling is 850F, provided that die contact with sheet
dogs not exceed 5 seconds, {Rei 10).

Suggested bend factors, Figure 4.014.

Forging of alloy is usually done in closed dies and
press forging is the preferred method, {Ref 10).

Machining and Grinding

HMZ21A has excellent machining characteristics. High
speed tools are normally suitable but carbide tipped
twols are preferred. Very good finish cuts are obtained
with diamond toels. Tools must be kept sharp. Dry
machining is recommended and compregsed air is
sometimes used for cooling. If liguid coolant is used.
it should be mineral oil. (Ref 10).

Drilling. General purpose ateel drills can be used for
holes up to 5 times drill diameter. Speeds can vary
from 300 to 2000 fpm with feeds from 0,005 to 0.050
inch per revolution. (Ref 10).

Mitling Turning. Moderate feeds and depth of cut,

high cutting speeds, large rake angles and ample chip
clearance are desirable, (see reference 10 for more
detailed information),

Grinding. Rough grinding should employ medium to
course grain wheels., Dust collection systems {wet iype)
specifically recommended for magnesium must be
used.

Weiding

General. Alloy exhibits good weidability with
practically no tendency toward weld cracking. EZ33A
composition is recommended for arc weldirg, The
alloy is also readily spot welded. Detailed information
on weldability of this alloy is given in reference 11.

Heat Treatment
See AZE3A,

Suri.ce Freatment

General, Surface treatments for magmesium alloys
arc many and are used in numerous combinations.
They are applied for corrosion protection, electrieal
resistance or ebrasion resistance, Excellent detailed
discussions pertaining to surface treatment of
magmesium alloys are given in references 6.7 and 10.
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GENERAL

This heat tr ble magnesium alloy is produced in the
form of extrusions only. It is used primarily in the TS5
condition (artfficially aged), but is also sometimes used
in the F condition (as extruded), Al temaperatures above
350F, it hzs the highest streagth - both short-time and
long-time - of all magnesium extrusicn alleys; at
lower temperatures AZBOA-TS and ZK60A-TS are
stronger. HM31A has good formability and excellent
weldability. 1ts pritnary uses are in aerospace and
missile applications that require strength in the range
350 to B0OF. Its corrodion resistance is similar to that
of other magnestum atloys, surface coatings being
needed for long-time protection.

Commercial Designadon
HM31A

Alternate Designations
HM31XA {obsolete).

Specifications
AMS 4388 B (F conditien}

AMS 4389C (TS5 condition)
MIL-M-8916A

Somposition
‘Table 1.04.

Heat Treatmeant

T5 condition: Artificially age as extruded (F condition)
at 415 to 435F 16 hours, air cool (3).

O condition, full anneal: §350F, 1 hour in furnace amno-
sphere containing 0.7 percent minimum SO, or 3 perceat
minimum CO,, alr cool (3).

Stresa relief after forming and after weiding: 800F,

1 hour in furnace atmosphere containing 0.7 percent
minimum SO, or 3 percent mintmurs CO,, air cool (3).

Hardnesg
TS condition: 53 Brinell hardness No. (d4).

Forms and Conditions Available

Produced only in the form of extrusions mostly in the TS
condition {artificially aged) and to a limited extent in the
F condition (as extruded}. Forms in reguiar production
are rod, bar, solid shapes, structural shapes, and
precision extrusions. Tubing and other hollow and semi=
hollow shapes can also be produced for special require-
ments {5).

Melting nnd Casting Practice
{see AZ31B, Code 3601, section 1.08)

Special Considerations

Expesures to temperatures through 600 F for periods of
1000 hours cause negligible change in short-iime room
and elevated temperature properties and cause very
lttle drop in creep strength of HM31A-T5 (6).
Considerable data obtained on this alloy in the T5 condi-
tion show that both room and elevated temperature
mechanical properties are sensitive to extrusion section
size, strength decreasing with increasing size! This
characteristic has not been thoroughly studied and
documented in the F condition.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range, 1121-1202F (7).

Phase changes. In the as cast condition an unidentified
compound forms a network at the grain boundaries.
Mechanical working the network to break up, and
high temperature treatment causes it 10 coalesce, but
therg is no metallographic evidence of solution and pre-
cipitation due to thermal ireatments (8).
Time-temperature-transformation diagrams.

Thermal conductivity, Figure 2.013.

2.014
2.0141

2.015
2.018

2.02

2.021
2.022
2.023
2.024
2.025

2.03
2.031
2.0311

2.0312

2.032

2.04
2,041

2.042

3.01

3.02
3.021
3.0211

3.0212
3.0213

3.022
3.0221
3.0222

3.0223

3.023
3.024
3.02%
3.0251
3.028
3.0261

3.027
3.0271
3.0272
3028

3.03
3.031
3.0311
3.03111
3.03112
3.03113

3.0312
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Thermal expansion.

Mean cocfficient of thermal expansion from 68 to 392F,
14.9 x 16~ 8 per F (5.

Specific hear, Figure 2.015. 3
Thermal diffusivity, Figurc 2.016.

Other Physical Propertiea

Mg
Th

.5 Mn

Density, 0.0652 lb per cu in (7).

Elecirical properties, Table 2.022.
HM3! A

Magnetic preperties. Non-magmetic.

Emittance.

Damping capacity. At a stress equal to 0.1 Fiy the
specific damping capacity of HM31A-Fis 5.0, which {5
a medium level ¢compared with ¢ther magnesium alloys
19).

Chemical Properties

Corrosion resistance.

The galvanic and general corrosion characierisucs of
HMB31A are similar to those of A231B, Code 3601,
sections 2.031t and 2,0312.

The reaistance of HM31A to stress corrosion is some-
what guperior to that of AZ31B, Code 3601, section
2.0313.

Safety precautions should be directed to the prevention
of fires, burns, and explosions{see HZ32A, Code 3408,
section 2,032).

Nuclear Properiies

Thorium is 2 radiozctive metal. For comments on pre-
cautions required by this characteristic see HZ32A,
Code 3408, sections 2.041 and 2.042.

The high nuelear eross section caused by the manganese
content of this alloy make it unsuitable for applications
where shielding is not wanted.

MECHANICAL PROPERTIES

Specified Mecbanical Properties
Table 3.01.

Mechanical Properties at Room Temperature
Tension.

Stress-strain diagrams {see Figures 3.03111, 3.03112,
3.03113).

Tensile properti¢s for TS and ¥ conditions, Table 3.021%
Effect of exposures al elevated lemperatures on tensile
properties at room temperature, Figure 3.0213.
Compression.

Stress-strain diagrams (see Figure 3,03211 and 3.03213
Compressive strength for T5 and F conditions, Table
3.¢222.

Effect of expesures at elevated temperatures on com-
pressive yield strength at reom temperature, Figure
3.0223.

Iropact {see Figure 3.0331).

Bending.

‘torsion and shear.

Shear strengih of different section sizes, Tzble 3.02531.
Bearing.

Bearing properties of different section sizes, Table
3.0261.

Stress coscentratien.

Notch properties.

Fracture toughness.

Combined properiies.

Mechanical Properties at Various Temperatures

Tension.

Stress-strain diagrams,

Stress-strain curves at room and elevated temperaiures
for extrusions in TS eondition, Figure 3.03111.
Stress-strain curves a: room aad elevated temperawires
for extrusions in F condition, Figure 3.03112.
Complete stress-strain curves at low temparatures for
extrusions in F ¢ondition, Figure 3.03113.

Effects of temperature on ténsile properties, Figure
3.0312.
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GENERAL

This heat tr ble magnesium alloy is produced in the
form of extrusions only. It is used primarily in the TS5
condition (artfficially aged), but is also sometimes used
in the F condition (as extruded), Al temaperatures above
350F, it hzs the highest streagth - both short-time and
long-time - of all magnesium extrusicn alleys; at
lower temperatures AZBOA-TS and ZK60A-TS are
stronger. HM31A has good formability and excellent
weldability. 1ts pritnary uses are in aerospace and
missile applications that require strength in the range
350 to B0OF. Its corrodion resistance is similar to that
of other magnestum atloys, surface coatings being
needed for long-time protection.

Commercial Designadon
HM31A

Alternate Designations
HM31XA {obsolete).

Specifications
AMS 4388 B (F conditien}

AMS 4389C (TS5 condition)
MIL-M-8916A

Somposition
‘Table 1.04.

Heat Treatmeant

T5 condition: Artificially age as extruded (F condition)
at 415 to 435F 16 hours, air cool (3).

O condition, full anneal: §350F, 1 hour in furnace amno-
sphere containing 0.7 percent minimum SO, or 3 perceat
minimum CO,, alr cool (3).

Stresa relief after forming and after weiding: 800F,

1 hour in furnace atmosphere containing 0.7 percent
minimum SO, or 3 percent mintmurs CO,, air cool (3).

Hardnesg
TS condition: 53 Brinell hardness No. (d4).

Forms and Conditions Available

Produced only in the form of extrusions mostly in the TS
condition {artificially aged) and to a limited extent in the
F condition (as extruded}. Forms in reguiar production
are rod, bar, solid shapes, structural shapes, and
precision extrusions. Tubing and other hollow and semi=
hollow shapes can also be produced for special require-
ments {5).

Melting nnd Casting Practice
{see AZ31B, Code 3601, section 1.08)

Special Considerations

Expesures to temperatures through 600 F for periods of
1000 hours cause negligible change in short-iime room
and elevated temperature properties and cause very
lttle drop in creep strength of HM31A-T5 (6).
Considerable data obtained on this alloy in the T5 condi-
tion show that both room and elevated temperature
mechanical properties are sensitive to extrusion section
size, strength decreasing with increasing size! This
characteristic has not been thoroughly studied and
documented in the F condition.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range, 1121-1202F (7).

Phase changes. In the as cast condition an unidentified
compound forms a network at the grain boundaries.
Mechanical working the network to break up, and
high temperature treatment causes it 10 coalesce, but
therg is no metallographic evidence of solution and pre-
cipitation due to thermal ireatments (8).
Time-temperature-transformation diagrams.

Thermal conductivity, Figure 2.013.
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Thermal expansion.

Mean cocfficient of thermal expansion from 68 to 392F,
14.9 x 16~ 8 per F (5.

Specific hear, Figure 2.015. 3
Thermal diffusivity, Figurc 2.016.

Other Physical Propertiea

Mg
Th

.5 Mn

Density, 0.0652 lb per cu in (7).

Elecirical properties, Table 2.022.
HM3! A

Magnetic preperties. Non-magmetic.

Emittance.

Damping capacity. At a stress equal to 0.1 Fiy the
specific damping capacity of HM31A-Fis 5.0, which {5
a medium level ¢compared with ¢ther magnesium alloys
19).

Chemical Properties

Corrosion resistance.

The galvanic and general corrosion characierisucs of
HMB31A are similar to those of A231B, Code 3601,
sections 2.031t and 2,0312.

The reaistance of HM31A to stress corrosion is some-
what guperior to that of AZ31B, Code 3601, section
2.0313.

Safety precautions should be directed to the prevention
of fires, burns, and explosions{see HZ32A, Code 3408,
section 2,032).

Nuclear Properiies

Thorium is 2 radiozctive metal. For comments on pre-
cautions required by this characteristic see HZ32A,
Code 3408, sections 2.041 and 2.042.

The high nuelear eross section caused by the manganese
content of this alloy make it unsuitable for applications
where shielding is not wanted.

MECHANICAL PROPERTIES

Specified Mecbanical Properties
Table 3.01.

Mechanical Properties at Room Temperature
Tension.

Stress-strain diagrams {see Figures 3.03111, 3.03112,
3.03113).

Tensile properti¢s for TS and ¥ conditions, Table 3.021%
Effect of exposures al elevated lemperatures on tensile
properties at room temperature, Figure 3.0213.
Compression.

Stress-strain diagrams (see Figure 3,03211 and 3.03213
Compressive strength for T5 and F conditions, Table
3.¢222.

Effect of expesures at elevated temperatures on com-
pressive yield strength at reom temperature, Figure
3.0223.

Iropact {see Figure 3.0331).

Bending.

‘torsion and shear.

Shear strengih of different section sizes, Tzble 3.02531.
Bearing.

Bearing properties of different section sizes, Table
3.0261.

Stress coscentratien.

Notch properties.

Fracture toughness.

Combined properiies.

Mechanical Properties at Various Temperatures

Tension.

Stress-strain diagrams,

Stress-strain curves at room and elevated temperaiures
for extrusions in TS eondition, Figure 3.03111.
Stress-strain curves a: room aad elevated temperawires
for extrusions in F condition, Figure 3.03112.
Complete stress-strain curves at low temparatures for
extrusions in F ¢ondition, Figure 3.03113.

Effects of temperature on ténsile properties, Figure
3.0312.
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Flavated temperature tensite propeérties al various strain
rates, Figure 3.0313.

Compression.

Stress-strain diagrams.

Stress-sirain curves in compression at room and ele-
vated temperatures for extrusions in T3 condition,
Figure 3.03211.

Stress-strain curves in compression at room and ele-
vated temperatures for extrusions in F condition,
Figure 3.03212.

Elevated temperature compressive yield strength of
extrusions, Figure 3.0322.

Impact.

Charpy V-nolch impact properties at low temperatures,
Figure 3.0331.

Bending.

Torsion and shear.

Effect of temperature on single-shear strength, Figure
3.0351.

Bearing.

Effect of test temperature on bearing properties, Figure
3.0361.

Stress concentration.

Notch properties.

Fracture toughness.

Combined properties.

Creep and Creep Rupture Properties

Short-time isochronous siress-strain curves for extru-
sions in T5 condition after rapid heating to test temp-
eratures of 500, 800, 700, and 800F, Figure 3.041.
1sochronous stress-strain curves for extrusions in F
condition after 3 hours exposure at test temperatures of
500, 600, 700, and 80OF prior 1o loading, Figure 3.042.
Isochronous stress-strain curves for extrusions in F
Condition after 3 hours exposure at test temperatures of
300 and 400 ¥ prior to loading, Figure 3.043.

Shert-time isochronous stress-sirain curves for ex-
truded tubing in F condition after 5 seconds exposure at
test temperatures of 500, 600, 700 and 800F prior to
loading, Figure 3.044.

Effect of temperature on 100 hour creep strength for
various extensions, Figure 3.045.

Faligue Properties
Rotating beam fatigue properties, Figure 3.051.

Elastic Properties
Poisson's ratic, 0.35 (4)(5)-

Modulus of elasticity.

Effect of temperature on modulus of clasticity, Figure
3.0621.

Compressive tangent modulus curves at roem and ele-
vated temperatures, Figure 3.0622.

Compressive secant modulus curves at room and ele-
vated temperatures, Figure 3.0623.

Modulus of rigidity, 2.4 x 10% ksi (4).

FABRICATION

Formability
HM3LA ¢an be formed by any of the processes commonly

applied to extruded shapes. Al room temperature the
formability is limited, the minimum bend radius being
about seven times the thickness. At the maximum rec-
ommended forming temperature of 800F (1 hour maxi-
mum time al temperatire), the formability i5 good, the
minimum bend radius being 2.5 times the thickness.
Stress relief in ageordance with section 1.053 is recom-~
mended after severe forming operations (5)(13)(14).

Machining and Grinding

This alloy, like other magnesium alloys, has exception-
ally good machinability, which enables it to be machined
at high speeds ond feeds. For further details, see
HZ32A, Code 3403, secions 4.02! and 4.022.

The alloy ca2a be chem-milled with suliurie, nitric, or
hydrochloric acid of 5 perceat sirength or greater (15).

REVISED: SEPTEMBER 197]

4.03 Welding

4.031 HM31A has excellent weldability by arc and eiectrie-
resistance methods. For are welding EZ33A magnesium
alloy filler metal is generally used except when joining
% an aluminum containing magnesium alloy, in which
instances AZ92A or AZ61A are suitable flter ailoys.
Stress relief in accordance with section 1,053 is recom-
mended after welding. For further details see AZ3LB,
Code 3601, secton 4.031(8)(17).

4.032 Effect of temperature on tensiie properties of extrusions,
both unwelded and with transverse butt welds made by
inert~gas-shielded tungaten-arc process, Figure 4.032.

4.0 Surface Treatment

4.041 The extrusiona are normally oiled by the producer with a
light corrosion inhibiting oil for protection during ship-
ment and storage (1)(2).

4,042 For a discussion of the various surface treatments that
can be applied for corrosion protection, see HZ324A,
Code 3408, sections 4.042 and 4.043.

TABLE 1,04
Alloy HM31A
Source o
Percent
Element Minimum Maximum
Thorium 2.5 3.5
Manganese 1.2 -
Impurities, each - 0.1
Impurities, total - 0.3
Magnesium Ralance
&
E HM31A
o2 80 FEXTRUSIONS
£ | T5 AND F CONDITIONS '/'
o '/..——1
%)
o ]
T
1
o
B /‘
g0
0 200 100 600 300 1000
TEMPERATURE - F
FIG. 2.013 THERMAL CONDUCTIVITY. [EI]
.38
HM31A
A
0.32 (
=
th
=0.28
= /
g |
o |
Bo.2¢ .’/
0.20
¢ 200 400 €600 :104] 1000
TEMPERATURE- T
F1G. 2.015 SPECIFIC HEAT. {5)
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HM31A ’
2.4 - EXTRUSIONS
T35 AND F CONDITIONS
R N
& 2.3 Y
=
: 2.2 \\.
&
2.1
1] 200 400 600 800 1000
TEMPERATURE - F
FIG. 2.016 THERMAL DIFFUSIVITY. {(5)(7)
TABLE 2.022
Alloy HM31A
Souree {5){7)
Electrical Conductivity Elecirical Resistivity]
percent JACS memmhos per in’ mi¢rohm - in
(Condition ¥ TS F TS F TS
Temp-F
63 26.2 30.4 0.384 0.446| 2.60 2.24
100 24.7 28.8 0.363 0.424| 2.76 2.36
200 21.8 24,7 0.321 0,364 3.12 2.75
300 18.6 21.5% D.289 0.316]| 3.46 3.16
400 17.8 19.3 0.262 0.285; 3.82 3.50
300 15.3 17.68 0,240 0.259] 4.17 3.86
TABLE 3.01
Alloy HM31A
Form Extrusions
Size 4 square inches, maximum cross secton
Fly - 481 | Fyy - ksi]| e(2in) | Fey* - ksi
Condition Source min min min min
TS {2) 37.0 26,0 4 19.0
P {1} 37.0 26,0 [ -
* Compression specimens coriented in longitudinal direction.
Orientation of tensile specimens not specified.

TABLE 3.0212
Alloy HM31A
Form Extrusions
Size 4 square inches, maximum ¢T05S section
Condition Source Fyy - ksi Fry - ksi [e(2in)
TS (3) 24 39 10
F {10} 42 33 10

NONFERROUS ALLOYS

MgwT

Mg
3 Th
. M
HM31A S n
50 |-EXTRUSIONS
T5 CONDITION
- 600 F EXPOSURE HM3IA
0 700 F
Fru
-____-_.____ 800F
20 900F ﬁ
.
40 r
- 600F Y
F—— T00F
30 _-—“———_,____‘
g P
TY
\\ BOOF
20 i
900 F \'
A
10 | 20
900 F q
BOOF
| —
T00F — £
oy ] 10 38
800F =
e2 Iy &
| o
0 20 40 60 80 100
EXPOSURE TIME - HOURS
FIG. 3.0213 EFFECT OF EXPOSURES AT ELEVATED
TEMPERATURES ON TENSILE PROPERTIES
AT ROOM TEMPERATURE. 5)
TABLE 3.0222
Alloy HM31A
Farm Extrusions
Cross segtion Fcy
Conditdon 89 in Source kai
T5 1.000 max ) 27
TS 1.000-3.9899 &) 23
F 4.000 max (10} 27
CoDE 3505
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50
Mg HM31A HM31A
EXTRUSIONS EXTRUSIONS
3 Th 10 | coxpiTioN o > CONTITION —1"F
800F EXPOSURE =
1.5 Mn - /
—
S
0o T——— | /
26 30
HM3IA / 3008
800F 7 L]
M / ] 400F
22 20
\ 500F
— 600F
2 F
oY / 700F
18 P 10
\ I 800F
UP TO 4.0 5Q IN CROSS SECTION
" L 0 LONGITUDINAL
\ 000F o 0.2 0.4 0.6 0.6 1.0
—d STRAIN - PERCENT
16 FIG. 3.03111 STRESS-STRAIN CURVES AT ROOM AND ELEVATED
o 20 40 80 80 100 TEMPERATURES FOR EXTRUSIONS IN TS CONDITION.
EXPOSURE TIME - HOURS (5}
FIG. 3.0223 EFFECT OF EXPOSURES AT ELEVATED
TEMPERATURES ON COMPRESSIVE YIELD
STRENGTH AT ROOM TEMPERATURE. (5)
TABLE 3.0251
Alley HM3LA
Condition TS
Form Extrusions
Source {s)
Cross secuon, $q in | Fgy, - ksi
1.000 maximum 27
1.000-3.999 22
50
HM31A
EXTRUSIONS
F CONDITION
40 |~ UP TO 4.0 SQ IN CROSS SECTION LONGITUDINAL —]
/""'_-___. i
30 //
g 300 F
TABLE 3. 0261 /’ 400F
Allgy HM31A 20 S00F
Congdition TS 600F
Forma Extrusions | """
Source I & _ ” Y, / 00F
Cross section, sq in Fbrn' - ksi Fbry' - ksi //..-———
1.000 maximum 68 45 I— SOOF
1.00-3.999 58 a2 L
- 00F
*+ ¢/D= 2.3 0
[ 0.2 0.4 0.6 0.8 1.0
STRAIN - PERCENT
FIG. 3.03112 STAESS-STRAIN CURVES AT ROOM AND ELE-
VATED TEMPERATURES FOR EXTRUSIONS IN
F CONDITION. (6)
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70 N :ﬁ:zﬁsxoxs — Mg
\ -—:— TS CONDITION 3 Th
" .‘\ ~ F CONDITION |. 5 MI’\

\ T HM3IA

50

Y
g
i
>

30 <
2 N
-424F, HMz1A |
70 EXTRUSIONS — 10
F CONDITION §
60
-323F
60 ) il
= y
| -109F ,/ a0
~ z
50 e(2 IN) d
' &
N g
( 20 &
80F
T o
b = = - -+
/ o
— 0
g -400 200 0 200 400 §00 800
0 TEMPERATURE - F
FIG. 3.0312 EFFECTS OF TEMPERATURE ON TENSILE PROPERTIES.
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FIG. 3.03211 STRESS-STRAIN CURVES IN COMPRESSION AT ROOM AND ELEVATED TEMP-

ERATURES FOR EXTRUSIONS IN T5 CONDITION, (3)
30
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y | 5007
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FIG. 3.03212 STRESS-STRAIN CURVES IN COMPRES- & Fey
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FIG. 3.0322 ELEVATED TEMPERATURE COMPRESSIVE YIELD STRENGTH OF
EXTRUSIONS. (53(6)
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FIG. 3,041 SHORT- TIME ISOCHRONOUS STRESS-STRAIN CURVES FOR EXTRUSIONS
IN TS CONDITION AFFER RAPID HEATING TO TEST TEMPERATURES QF
500, 600, 700, AND 800F. (5)
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T
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FIG. 3,042 ISOCHRONOUS STRESS-STRAIN CURVES FOR EXTRUSIONS IN F CONDITION
AFTER 3 HOURS EXPOSURE AT TEST TEMPERATURES OF 500, 600, 700,

AND 800F PRIOR TO LOADING. (&)
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FIG. 3.043 ISOCHRONOUS STRESS-STRAIN CURVES FOR EXTRUSIONS IN F CONDITION
AFTER 3 HOURS EXPOSURE AT TEST TEMPERATURES OF 300 AND 400F
PRIOR TO LOADING. {8

CODE 3505
PAGE 8




MgWT

REVISED: SEPTEMBER 197 NONFERROUS ALLOYS
HM31A |
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1.02

T.03

1.04

GENERAL
HZ32A, which is a magnesium-base casting alloy used in
the artificially aged {T5) ¢ondition, has reasonably good
foundry characteristies and medjum room temperature
mechanieal properties similar to those of HK31A. The
relatively high thorium content (3.2 perceat) in these two
alloys gives them outstanding €levated temperature
strength among the magnesium casting alloys. The ad-
dition of 2.1 pereent zinc to HZ31A 1o produce HZ32A
rasults in optimum creep resistance ot temperatures of
500F and above, whereas HZ31A is somewhat superior at
lower temperatures. H232A exhibits excellent long timse
stability at elevnted temperatures, exposures of at least
1600 hours at 600F having oo demrimental effect on room
temperature mechanical properties. It bas excellent
hinability and T bly good weldability. For long
time use or even short time use¢ under severe corrosive
conditions, ch 1 treatment foll d by painting is
recommended. HZ32A-TS should be considered for use
in aerospace or any other applications where the prime
requirement is a high strength=-to-woight ratio primarily
in the temperature range of 500 to 650F.

Commercial Degignation
HZ32A

Alternate Designatons
KZ32XA, ZT1 (British)

Specifications

AMS 4447B

ASTM B80-68

U. §. Federal QQ-M-56b (1}
U. 5. Federal Q@-M-55b

Composition
Tahle 1.04.
TABLE 1.04
Alloy HZI2A
fon
Source AMS 4447B (20) ASTM B80-68
Percent Percent
Minimum | Maximum | Minimum | Maximum

Zioc 1.7 2.5 1.7 2.5
Thorium 2.5 4.0 2.5 4.0
Zirconfum

total 0.50 1.0 0.50 1.0

soluble* 0.50 - - -
Copper - 0.10 - 0.10
Rare Earths - 0.10 - 0,10
Nickel - 0.01 - 0.01
Others - 0.20 - .30
M fum Bal Balance
* Soluble zirconium: is that portion of the zirconfum that is

soluble in 1:4 hydrochloric acid held below its boiling

point.

1,05

1,06
1.061
1.082

1.08

Heat Treatment
Cast plus artificially aged {T5) at 600F for 16 hours
a2y

Hardness

BHN 50~ 75 with 1000 kg load and 10 mm ball (AMS 4447B)
BHN 45-70 with 500 kg load and 10mm ball or 1006 kg
load apd 9/16 inch ball (AMS 4447B).

Forms and Conditions Available
Produced as castings and used in the T$ (artificially aged)
conditdon.

Melting and Casting Practice

Meltieg practice for magnesium alloys containing
zirconfum is somewhat different from practices used for
the alloys eontaining alumi A cast or fabricated

and welded steel crucible is normally used for both melt~
ing apd pouring, singe transfer from a meldng to 2 pour-
ing crucible results in zireonium losses. Meiting is
carried out in gas- or ofl-fired furnaces. The magnesium

109
1.081

1.082

1,003

1.094

2.03
2.031

NONFERROUS ALLOYS

is brounght to a temperature of 1450 to 15G0F for alloying
under a crucible-flux cover, which normally consists of
magnesium chloride with other chlorides and fluorides.
This type of flux first melts to form a liquid cover; but
after some time at 1400F or above, it gradually becomes
more viscous and figally forms a dry scaly crust, Alloy-
ing sdditions are made by immersing them below the melt
surface on a steel ladle and gently agitating. Metallic
zine, which is subject to liftle or no melting loss, .is
added first. Thorium is ther intreduced, as pellets made
from compacted and sintered thorium powder or as a mag-
nesium-thorjum hardener alloy. As thorium oxidizes
readily, care must be taken to avoid raising it to a high
temperature in air. { Considerable loss of thorium occurs,
which must be determined by experience for different
foundry conditions.) Finally, zirconium is added in the
form of 2 magnesium-zireorium hardener alloy contain-
ing 30 to 50 percent zirconivm or in the form of zircon-
ium fluoride or chloride in a fused=-salt mixture. Because
of the fow solubility of zirconium, it {5 necessary to add
sbout 3 to 5 times the required percentage. After the
alloying additions have been made, the melt should be
thoroughly stirred and skimmed, covered with additional
crucible flux, and held for 20 minutes before pouring to
allow separation of the flux from the metal and to allow
undissolved zirconium to settle. The flux is skimmed
from the surface just before pouring, and burning is pre-
vented during pouring by dusting the melt surfaré with a
mixture of sulfur and beric acid or a proprietary prep-
aration. The metal is poured between 1350 and 1550F,
depending upon the section size of the casting. A heel 2
to 3 inches deep should be left in the erucible to minimize
the possibility of pouring into the mold a residue consist-
ing of zirconium containing sludge and flux {2).

Soecial Considerations
HZ32A-T5 terds to shrink slightly with increasing expo-

sure times at elevated temperatures.

Shrinkage due to exposures at elevated temperatures,
Figure 1,092

Contampinations with more than 0.005 percent afuminum
should be avoided hecause aluminum forms undesirable
intermetallic compounds with zirconium (3).

The presence of 0.1 percent or more rare-earth metais
causes loss in creep resistance (5).

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range, 1026-1198F {2).

Phase changes. Magnesium-thorium-zinc compounds in
acicular shape, which enhance creep resistance, form at
the grain boundaries during artificial aging (4).
Time=temperature- transformation diagrams.

Thermal conductivity, 63.2 Biu ft per (hr sq ft F) at 65F
@)@

Thermal cxpansion, k4.8 X 10-8 per OF from 68 to 392F
BNE)-

Specific heat, 0.23 Btu per {Ib F) from 839 to 392F {5}(6).
Thermal diffusivity.

Qther Physieal Properties
Density. 1.83 g/ee (2)(). ©.0657 Ib/cu in (6).

Electrical properties.

Electrical conductivity. 0.35 megmhos/inch3 at 65F (6).
26.5 percent IACS at 65F (3).

Electrical resistivity. 2.56 mierchm - inch at 68F (B).
Maguetic properties.

Emittance.

Damping capacity. At a stress equal o 0.1 Fy the
specifie damping capacity is 5, which i &n intermediate
level compared with other magmesium alloys (7).

Lhemical Properties
HZ324 is subject to general and pitting-type corrosion

when exposed to most natural environments. When prop-
erly surface treated and painted, it will perform satis-
factorily in all of these environments except immersed in

Mg
3.2 Th
2.1 Zn
0.7 Zr

HZ32A
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water (19}, For a discussion of galvanic corrosion, see
AZ31B, Code 3601, Section 2,0312. .

Safety precautions should be directed to the prevention of
fires, burns, and explostons. The hazards of the molten
metal eoming inte contact with moisture or water are
similar 1o those of other magnesiurs alloys and greater
than with other metals, since molten magnesium rearts
violently with water, The ignition point of HZ32A in air,
as for other magnesium alloys, is 800F or above. The
ease of combustion depends upon the size and shape of
the material. Finely divided material, such a5 duat and
powders, ignite readfly and rasy explode when mixed with
air. Machining and sawing operations generate particles
that are generally too large to form an explosive mixture,
The fire hazard is less than with powder, but shavings
burn readily once they are heated above the ignition point.
Large seciions burn oaly after prolonged heating, Graph-
ite powder, sodium-chloride base salts, and cast iron
chips are the recommended materials for extinguishing
Gres. Wet dust cellector systems coaforming to NFPA
Bulletin Ne. 45 (21) are recommended for grinding and
welding operations. During heat treatment, 2 minimum
of one percent sulfur dioxide or three percent carbon
dioxdde should be maintained in the furnace atmosphere to
minimize the possibility of fire (1)(2){3).

Nuclear Properties
Therlum is a radioactive metal, but at the concentration

in this alloy it constitutes little or ne hazard in normal
storage, handling, and use. Since the fumes given off
during melting and welding are slightly radioactive,
adequate ventilation should be provided. Thorium-map-
nesium hardener alloys and thorium pellets used in the
mapufacture of HZ32A, as well as sludge left from melt-
ing operations, are radioactive and should be handled in
accordance with the regulations of the Atomic Energy
Commission or local codes, whichever are stricter (2).
No Interference in the sending or receiving of radio or
radar signals is caused by the slight radioactivity of the
alloy {8).

MECHANICAL PROPERTIES

Specified Mechanieal Properties
Table 3.01.

TABLE 3.01

Alloy

HZ3ZA

Form

Sand-Cast

Condition

TS

!&eciﬁcaﬁnn

AMS 44478 (20) ASTM B80-688

Specimen

Fia | Fry
Temp |min | min
F | ksi kai

Fiy
&{2 in}) min
rain | ksi | kst

&{2 in)|
min

single

Cut from easiing

average of 4 or more

single
Separately cast

5.0 - 10.5 -

19 b1
75.0(23. 0 2.0 23.

10

2

11.
5009 - - -
75.0[27.0

Lo
CR-E R
'

4.0 13.

3.02
3.9021

3.0211
3.0212

3.0213
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Mechanieal Properties at Room Temperature

Tension, typical: Fy = 30.0 ks, Fyy=14.0 ksi, and
©(2 inches) = 7 percent (2)(3){5).

Stress-strain diagrams {see Figure 3.0311)

Effect of end chill on tensile properties of cast plates of
two thicknesses, Figure 3.0212,

Effect of elevated-temperature exposure on tensile
strength, Table 3.0213.

TABLE 3.0213

Source

(0}

Alloy HZ32A

Form Sand Castings

Condition TS

Exposure Fiu, ksi

29.6
32.0
32.0

None
1080 hours at 400F
1000 hours at 600F

REVISED: DECEMBER 1969

3.022 Compression, typical Foy = 14.0 ksi (10).
3.0221 Stress-sirain dingrams.
3.023 [mpact.
3.024 Bending.
3.025 Torsion and shear.
3.0251 Typical shear, Fg, = 20.0 ksi (10).
3.028 Bearing, typical for separately sand-cast specimens
with ©/D=2.5: Fppy = 60.0 ksi, Fpyy = 37.0 ksi (3)(20).
3.027 Stress concentration.
3.0271 Noteh properties,
3.0273 Fracture toughness.
3.028 Combined properties.
3.03 Mechaninal Propertias at Various Temperatures
3.031 Tension.
3.0311 Sreso-sirain diagrams.
3.00111 Tensile stress-sirain curves, Figure 3.03111.
3.0012 Effect of elevated temperatures on tensile properties,
’ Figure 3.0312.
3.0313 Effect of variations fn strain rate on tensile properties
at different temperatures, Figure 3.0313.
3.032 Compression.
3.0321 Stress-strain diagrams.
3.033 Impact.
3.034 Bending.
3.035 Torsicn and shear.
3.036 Bearing,
3.037 Stress concentration.
3.0371 Notch properties.
3.0372 Fracture toughness.
3.038 Combincd propertics.
3.04 Creep and Creep Ruptuxe Propertigs
3.041 Effect of temperature and stress on the time to ¢.1 per-
cent creep extension, Figure 3.041.
3,042 Effect of temperature and stress on the time to 0.2 per-
cent creep extension, Figure 3,042,
3.043 Effect of temperature and stress on the time 10 0.5 per—
cent creep extension, Figure 3,043,
3.05 Fatipue Properties
3.051 Room temperature fatipue atrength, Table 3,051,
TABLE 3.051
Alloy HZ32A
Form Sand-Cast Specimens |
Condition TS
Type Test Surface Cycles to
B=-1 Condition $ource | Failure ksi
Reverse Bend |Smooth Mzchired| (14) 5 X107 {10.08
Reverse Bend |Notched® (14) 5 x 107 |10.08
R. R. Moore |Smooth Machined| (2) 108 10.0
Rotating Beam |Smooth Machined| (15) 108 13.0
Rotating Beam | Notched* s) 106 10.0
Reverse Bend |As Cast s 106 7.0
Roverse Bend | Smooth Machined | [13) 106 15.0
* Stress-conceniration factor of 2.

3.052-

3.06
3.061
3.062
3.0821
3.083

Effect of temperature on fatigue strength of smooth,
machined specimens at 107 and 163 cycles 1o failure,
Figure 3.052.

Elastic Properties

Poisson's ratio, 0.3 (5).

Madulus of elasticity.

Effeet of temperature on tension modulus, Figure 3, 0621,
Modulus of rigidity, 2.5 X 103 ksi (3),

FABRICATION

Formability

Machining and Grindin

This alloy, like other magnesium alloys, has exceplion-

ally good machinability, which enables ft 10 be machined
at high speeds and feeds, It can usually be machined dry;
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but occasionally a cutting fluid is desirable for cooling the
work, minimizing the pessibility of distortion and reduc—
ing the chanrces of ignition of fine chips. Cutting fluida
should always be mineral oils, since animal or vegetable
0ils are not suitable for use on magnesivro alloys. Simi-
larly, water-goluble oils, oil-water emulsions, or water
solutions of any kind must not be used because they would
geverely intensify a fire in the chips if one should start.
Chips wet with these coolants presant a serious hazard in
storage and have little scrap value @7).

The alloy can be chemically milled with sulfuric, nitric,
or hydrochloric acid of 5 percent strength or greater (6).

Welding .

The alloy ean be are welded with helium ‘or argon shield-
ing and HZ324 or EZ33A welding xods. After welding,
the artificial aging treatment (16 hours at 600F) should be
applied (L)(3)(5).

HZ32A should not be gas welded because of probable loss
of zireonium (§)

Syrface Treatment
The producing foundries normally chreme pickie the
castings prior to shipment to protect them from corrosion
and tarnish during shipment and storage (20{ASTM B80-
68). A suitable alternative is to oil with a light corrosion-
inhibiting oil {20).
The following surface ireatments, which have been
developed for magnesium atloys, can be applied succesa~
fully to HZ324 to provide a good paint base as well as
some degree of corrosion resistance (12} (18):

Chrome pickle, MIL-M-3171A-Type 1

Galvanic anodize, MIL-M-3171A-Type 4

Sealed chrome pickle, MIL-M=3171A-Type 2

Anodize, MIL~M-45202

Dilute chromie acid, MIL-M-3171B

Stannate immersion

HAE znodize, MIL-M-45202 (ORD)
For elevated teroperature applications, the anodize treat-
roent (MIL-M-45202) is preferred because it is stable to
the melting point of the alioy. The best paints for service
at 500 to 600F are the straight silicone resins followed by
the siliconc-modified epoxies or epoxy phenolie systems.
In the 408 to 500F range, other promising resins are
gpoxy esters and various combinations of phenolics and

epoxies {18).

o
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FIG. 1.082 SHRINKAGE DUE TO EXPOSURES AT ELEVATED

TEMPERATURES. @)
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ON CAST TEST BARS.

EACH POINT IS THE AVERAGE OF THREE TESTS

—— EACH PCINT IS THE AVERAGE OF FROM 22 TO
88 TESTS ON TEST BARS CUT FROM 4 CASTING
CONFIGURATIONS, EACH WEIGHING ABOUT 10
POUNDS AND HAVING A MAXIMUM SECTION
THICKNESS OF ABOUT 1.0 INCH,

D—/
s
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FIG. 3.0312 EFFECT OF ELEVATED TEMPERATURES ON TENSILE

PROPERTIES. {10){11){12)
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1.03

1,41

1.05

1.031

GENERAL

The lower lithium content of LAS1A, as compared with
its sister alloy LA141A, results in a two-phase
structure of hexagonal-¢close-packed alpha in a matrix
of body-centered eubie beta. When the alpha phase is
thoroughly broken up and distributed throughoutthe beta
matrix, primarily by hot work, the strength of LAS1A
equals or exceeds that of LAI41A. In addition, LAS1A
exhibits somewhat better ductility, and has consider-
ably better stability when exposed to an elevated
temperature of 200F. The LA91A alloy, however,

is slightly more dense than LA141A (1).

Although it has been reported that LA91A can be
significantly strengthened by heat treatment (2},
available data do not support this elaim. The as-
hot-rolled material retains relatively stable
properties during aging for 48 hours at 200F (1) (sec
Table 3.0212). Cold rolling up to 50 percent re-
duction produces increases in strength of about 10
percent, but further cold working appears to be
detrimental.

LAS1A is readily fermable by most commercial
processes both 2t room temperature and at elevated
temperatures, and may be readily joined by the
various fusion welding t ques. The at heric
corrosion resistance of the alloy is comparable to
that of most commercial magnesium alloys. Suitsble
coatings are recommended for humid, salt-spray,

and marine environments.

LA91A should be considered for applications similar
to thoge asso¢tated with LAL41A (aerospace
structures, meteorite shields, instrument housing.
and armor piate} particuiariy where temperatures
above roem temperature might be involved.

Commereial Designation
LASLA,

Alternate Desipnations
LASY, LABIXA,

Specifications

None.

Composition

Table 1.04

TABLE 1.4
Percent
Composition* -
Minimum | Maximum
Aluminum 1.00 1.50
Copper - 0.04
Iron - 0.005
Lithium 8.0 10.0
Manganese . - 0.15
Nickel - 0.005
Silicon - 0.10
Sodium - 0.005
Total, other impurities - .30
Magnesium Balance
* Composition limiis of elezments ether than
Lithium taken from AMS 436b for LA l4iA

Since no specification has been published, the
composition lmits for LAL41A in AMS 4336 (3) are
used as a guide in defining the compostion limits
for LADIA in Table 1.04.

Heat Treatment

None,

Available data indicate that there is lite or no
improvement in properties gained through solution
trearment as compared with ag-hot-worked properties
{1){4). Aging of the solution treated material at

1.08
1.081

1.9811

1.0812

1.0813

1.082

1.082

1.09
1.091

NONFERROUS ALLOYS

200F resultg in a marked decrease in strength and
increese in ductility of the solution treated material Mg
but has little effect on the as-hot-worked material
{1} (see Tzble 3,0214). =] Li
No data are available on the effects of atabilizing
treatment at 350F as is specified for LAL41A in AMS | Al
4386 (3).

Hardneas
55to 75 RE LAgl A
Forms and Cenditions Available

Commerclally , pone.

The alloy has been made experimentally in the form

of gheet, plate, forging, extrusion, and casting (1).

Melting and Casting Practice

Because the alloy reacts readily with oxygen and
nitrogen in the temperature range 1200 to 1400F re-
guired for melting, it must be protected from

oxygen by one of several methods during melting,

A technique applicable to small heats is the use of

a molten-flux ¢cover, One guch flux consists of 3:1
LiCl-LiF in an amount equivalent to about one third
of the metal weight. A late addition of LiBr may be
made to improve the separation of the flux from the
metal (2).

Another flux that has been used is 12.5 percent LiF-
37.5 percent LiC1-50 percent KCl , its weight being
about onc-tenth the weight of the metal (5).

A better technique is the use of an lnert atmosphere,
normally argon, to proteet the molten metal (2),
Finally, vacuum melting and casting is an effective
technique to prevent oxidation of LASIA during
melting (2}. An effective variation of this technique is
to melt under a2 small partial pressure of argon (1).
Because of excessive rezctivily, LAB1A should not be
melted in conventional ceramic or graphiic crucibles.
Steel erucibles are recommended (1)

$teel or graphite molds are normally used 1o produce
ingots or other cast shapes (1)(6).

Special Considerations
The attainment of optimum strength in LASIA s

highly dependent upon sufficient hot work to break up
the ¢oarse as-cast structure of alpha and beta phases
into a fine dispersion of alpha in a beta matrix. In

hot rolling, a reduction ratio of 40:1 is ample for this
purpose. Although similar figures have not been
established for extrusion and forging, it is koown

that a 24:1 extrusfon ratio is insufficient and 75 percent
upset reduction by ferging is insufficient {1}.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties
Lleltng range. Approximately 1060 - 1070F.

Phase changes. There is some indication that a third
phase, theta (identified as Mg Liz Al). and perhaps
additional phases precipitate during aging, but these
reactions have not been clearly established (2)(7).
Time-temperature-transformation diagrams,
Thermal conductivity. 32.3 Btu ft per (hr sq ft F)

(50 to 300F) {1)(8).

Thermal expansion. 18 x 1076 inch per inch degree F
(68 to 200F) (1.)

Specific heat, Figure 2.015.

Thermal diffusivity.

Other Physical Properties

Density. 0.0523 Ib per ¢u in {8).
1.52 grpercucm (1)

Electrical properties.

Magnetic properties.

Emiitance, Figure 2,024,

Damping capacity.

Chemical Properties

cope 3508
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2.031 Corrosion. In humid atmospheres the corrosion 3.0214 Effect of heat treatment, Table 3,0214.
Mg resistance of LAGLA is equivalent to most other
: magnesium alloys, but in salt water or salt spray it TABLE 3.0214
38 Li corrades at somewhat faster rates then most of the
[ al other alloys (9).In & vacuum of 1 1o 2x10~6 mm of Hg it Source {1
loses no weight at temperatures up to 600F; at 800F | Allgy LA91A
it loses weight at a raze of 1.1x 102 s g/em%/sex Form 0,063 Inoh Sheet
() Ingeneral, the eorrosion products oo LA91A are Solution Treat A F ¥
LA9IA less adherent than those on most commercial alloys. aHon L red ge Treas k:: kstf (zein)
COver long exposure periods the corrosion rates for [Time.hr|Temp, FlTime, hrlTemp, F
the commereial alloys decrease with time; those for As-extruded - _ . . ag.1{24.0 | 18
magnesium-lithium alioys are moere likely to remain and 1z 850 . o7 ol 221 | 25
constant or to decrease much more slowly (8). LA9J1A bot-rolled 1/; 450 24— 200 ;).6 Is'o ;4
is sufficiently resistant to normal atmospheric el = - -
gorrosion for only limited structural service. As-forged - - - - 29,50 20.2 | 34
Protective coatings are necessary for most and 1/ 850 - - 27 ' 8 ;3' 2| 28
applications, especially when prelonged periods of hot-rolled 1/2 §50 2 200 7 . 5 ;5'7 2
time are involved. - -
- 3.0215 Effect of cold rolling at 75F and «100F on tensile
204 Nuclear Properties properties of sheet previously hot rolled ot 450F,
Figure 3.0215.
3.022 Compression.
3. MECHANICAL PROPERTIES 3 0221 Stress—strain diagrams.
3.023 Impact.
3.01 Specified Mechanical Properties 3.024 Be:ding.
3.0241 Bend radius for sheet, 1T to 3T (1).
3.02 Mechanical Properties at Room Temperature 3.025 Torsion and shear.
3.021 Tension. 3,026 Bearing.
3.0211 Stress-strain diagrams. 3.027 Stress concentration.
3.0212 Typical tensile properties as-hot-rolled and after 3.0271 Notch properties.
48 hours exposure io 200F, Tabte 3.0212. 3.0272 Fracture toughness,
3.028 Combined properties.
TABLE 3.0212 3.03 Mechanical Properties at Various Temperamres
i 3.051 Tension. Effect of temperature on tensiie propertics.
Source 1) Figure 3. 03.1. .
3.0311 Stress-strain diagrams.
|-Alloy LAOLA 3.032 Compression.
Form 0.063 inch Sheet 3.0321 Stress-strain diagrams.
Data Room Temperature Tensile 3.083 Impact.
3.034 Bending.
Condition As-Hot-Rolled After 48 Hours 3.035 Torsion and shear,
Anneal at 200F 3.036 Bearing.
r a2 Ftu| Fiy| o2 3.037 Stress concentration.
Composition. 2:; Kg h(‘) Kai Ks’; In) 3.0371 Notch properties.
3.0372 Fracture toughness.
Mg-9Li-1.0A1|27.8 § 21.8] 34 26.2120.3 | 38 3.038 Combined properties.
Mg-8Li-1,5A1|25.0 | 21.4] 3B 26.4120.6 | 38
3.04 Creep and Creep Rupture Properties
3.05 Fatigue Properties
3.06 Elastic Properties
3.081 Poissen's ratis.
3.062 Modulus of elasticity : 6.8 x 10° ksi (3).
3.0213 Effect of fabricatien procedure, Table 3.0213. 3.063 Medulus of rigidity.
TABLE 3.0213
urce (1)
Allov LAS1A
Conditien As-Hot-Worked
Method of ) Reduction . "
Fabrication Fabrication Procedure Ratio Fpy» Ksi Fty . ksi e{2 In}
As-extruded 0.187 x 2 x 2 inch, T-secticn axtruded {rom
4 7/16 - inch diameter billet at 500° F 24:1 2%.0 18.1 30
As-exiruded 0.187 x 2 - inch flange of T-section rolled
and rolted at 450°F to 0. 063 - inch thick sheet 40:1 28.1 24.0 i8
As-forged Bar stock hammer ferged at 5509F from
cast ingot 4:1 23.6 20,8 39
As=lorged Forged bar rolled at 4500F to 0.063 inch
aad roiled thick sheet 40:1 28.5 20.2 34
As-rolled As~cast ingot Tolled at 4500F to 0.063
inch thick steel 40:1 30.8 24,9 15
cobE 3508
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4.012

4.02
4.021

4,022

4.03

4.031

4.032

4.033

FABRICATION

Formability

General. LAOLA, like LAL41A and in contrast to
most commercial magmesium alloys, is easily
fabricated and formed, even at room temperature.
Primarily, the excellent forming characteristics of
LA91A are a result of its body centered cubic matrix
structure, whereas most magnesium alloys have
hexagonal close packed structures, which are much
more difficult to form.

Parts can be produced by all methods of fabrication.
For severe forming, such as deep drawing, impact
extruding, spinning, hammer forging, and large
rolling reductions, elevated temperatures {normally
in the rzange 350 to 500F) should be uged. The needed
ternperature depends upon the severity of forming
2)(®.

Machining and Grinding .

General. LAY1A is easily machined, cut. sawed, or
chemically milled. In machinability it is comparable
to other magnesium alloys and aluminum, The same
precautions used in magnesium machining mast be
cbserved. Where a machining coolant or lubricant
1s desired, a mineral oil (non water scluble) is re-
commended. For cutting or sawing, mineral ¢il or
parafin may be used (2)(9).

Chemical rpilling. The zlloy can be chemically
milled in phosphoric or sulfuric acid solutions. Acid
strength and temperature vary depending upon the
physical size of parts and the amount of material to be
removed, so that convenient etehing rates can be

selected. Masking technigues similar to those used for

aluminum can be used (9).

Welding
General. LA91A can be readily fusion welded. Joint

efficiencies are high and weld cracking difficulties
are rare. Both GTA and GMA processes, with
manual or automatic techniques, are applicable. The
use of helijum gas maintains 2 cleaner appearance of
the liquid pool; however, weldments with 100 percent
joint efficiency have been obtained with the use of
argon. Backside shielding is required to reduce
underside oxidation. Prior to welding, the material
must be cleaned by abrasion with aluminum oxide

or with stainless steel or aluminum wire brushes.

No preheating is necessary, but z pestweld stress
relief at 250 to 350F is recommended. The alloy

can also be resistance spot welded on equipment
conventionally used for other magnesium alloys (2).
Filler metals. Welding wires of LAI41A, EZ33A
AZ92A, and AZ61A have been used successfully. As
with the base metal, it is necessary to use freshly
cleaned welding wire, which can be cleaned by passing
threugh stainieas steel wool (2},

Tensile properties of LAS1A sheet TIG welded with
EZ33A filler wire, Table 4.033.

TABLE 3.033
Squrce [e3]
Alloy Lagla
Form 0.0990 Inch Sheet
Conditi GTA Welded with EZ 33 A
onditicn Filler Wire
Temp, F Fey | Fry e Fracture
Ksi { Ksi |(21In)} Location
75 23.7| 21.2| 6 [Base Metal
i3 23.7] 21.8] 6 |Base Metal
7a 23.4{ 21.4] 6 |[Base Metal
-320 30.4] 25.7| 7 |[Base Metal
=320 30.2 - | 12 |Base Metal
=423 43.3 - 6 [Tusion Zone
—123 38.1 - 1 |Fusion Zone
=423 39.4 - 3 [Fusion Zone

NONFERROUS ALLOYS

MgC

4.04 Surface Treatment
4.041 General. Severai treatments developed originaily Mg
for commereial magnesium alloys have been applied g9 Li
with fair success to LA91A. These are Dow 17, HAE,
flouride anodize, and stannate treatments. All of | Al
them require subsequent paint ceatings, preferably
baking or room temperature curing resins, for
protection in outdpor, saft-air, or humid envirenments
(2)(5)(9). LASIA
4,042 Metallic coatings. There are three accepted methods
for applying metallic coatings to commercial
magnesium alloys; immersion zing plating, electroless
(immersion) nickel plating, and direct electro-plating
of nigkel, On LAS1A the first two are much more
effective than the third. In each case, other metals
that can be electroplated can be deposited by
standard mathods over the initial layer of zinc or
nickel (2) (9).
34 T T
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GENERAL

This magnesivm alloy, which is normally used in the
T6 condition (solution treated and artificially aged), is
produced primarily in the forte of castings, but it is
also suitable for at least limited applications as forgings
It combines good mechanical properties with excellent
foundry chararteristies, that is, Ruidity with little
tendency toward porosity and kot cracking. At room
temperaiure its strength is slightly lower than that of
ZK61A, but at clevated temperatures up to 540F, its
tensile strength is superior to that of any other mag-
nesium casting alloy. Above 540F, HK31A is somewihat
stronger. It has good creep properties al témperatures
up to 40GF, but long time strength and stability aro net
good at higher temperatures. The alloy is weldable by
inert- gas-are techniques. It ahould be considered for
any aorospace or other applications where good short
time mechanical properties are required up to 540F and
good creep properties up W 400F (5)(6).

1.01 Commercial Designation
QEZ2A
1.02 Alternate Designations
QE22, MSR
1.03 Specifications
Table 1.03.
TABLE 1.03
Alloy QE2ZA
Forms Specifications
AMS 4418C
Sand ASTM B3SO
Castings MIL-M-46062 (MR)
Federal QQ-M-56b (2)
Permanent ASTM B199
Mold MIL~M-46062A
Casting Federal QQ-M-46062A
Investment
Castings ASTM B403
1.04 LComposition
‘Table 1,04,
TABLE 1.04
Alloy QE22A
Souree {1} {2)(3)(4)
Percent Percent
Composition Minitmurn [Maximum|Mini Maximum
Silver 2.C 3.0 2.0 3.0
Didymium (a) 1.75 2.5 1.3 2.5
Zirconiutn, total 0.40 1.0 0. 40 1.0
Zirconium, soluble (b) 0.40 - - -
Copper - 0.10 - 0.10
Nickal - 0,01 - G¢.01
Others, total - 0.30 - ©.30
Magnesium Balance Balance
{a} A rare-earth alloy consisting of 85 percent neodymium and
15 percent praseodymium.
(b} Soluble zirconium is that portien of the zirconium thai is
soluble in 1:4 hydrochlorie acid held below its boiling point.
1.05 Heat Treatment(7)
1.051 Solution treatment: 970 io 980F, 8 hours in furnace

o
[
©

aumosphere containing 1 percent 50, minimum, quench
in water at 140F minimum within maxjmum delay time
of 30 seconds.

Artificially age to T6 condition: 400F, 8 hours, aircool.

Hardness (1)

T6 condition: BHN 62-85 with 500 kg load and 10 mm
ball or 1000 kg load and 9/16 inch bali; BHN §7-930 with
1000 kg load and 10 mm ball.

Forms and Conditigns Available

Produced primarily as ¢castings; limited production of
roli-forged rings. Used in the T6 (solution treated and
artificially aged) condition.

1.08 Melting and Casting Praciice
QE2ZA is melted and cast similarly to other zirconium Mg
g 7| ing alloys (see HZ32A, Qode i
3408, Scetion 1.08). The silver, which is added aspure| 2 5§ Ag
metal, and didymium, which s added as a magnesium-
didymium hardener, are handled in the same manner 2.0 Di
as zine. Zing and silver losses are negligible for each
melting eycle, but a loss of one fourth percent {of total 0.9 Zr
melt weight) of rare earths {dtdymium) for each melt
cycle is typical although this will vary with iocal
foundry conditions (8). QE 22A
1.08 Special Considerations
1.091 It is essential that contamination with aluminum, iron,
manganese, and silicon be preveated, as these eiements
prevent zirconium from performing its desired grain
refining function (9).
1.092 This alloy has relatively low section sensitivity, that is,
with good foundry practice, its mechanical properties
are not drasdcally reduced with increasing section
size (see Figure 3.0213)(10).
1.093 Rate of quenching from tke solution treatment tempera-
ture is critical, and castings should be quenched in hot
water within 30 seconds of their removal {rom the fur-
nace (6}.
2. PHYSICAL AND CHEMICAL PROPERTIES
2.01 Thermal Properties
2.011 Mcltng range. 1020-1190F (8).
2.012 Phase changes. Solution treatment results in partiat
lution of the furn-rare earth compounds that
normally appear al the grain boundaries in the as-cast
condition. Very finely divided precipitates form within
the grains during artificial aging. These precipitates
have not been fully ideatified, but are believed to be
silver-rare earth magnesium compounds and also pos-
sibly zirconium compounds (§)(11).
2.0121 Time-temperaure-transformaton diagrams.
2.013 Thermal conductivity.
2.0131 T8 condition: 59.5 Btu [t per (It2 hr F)(12) - 65,34 B
ft per (ft? hr F)(E).
2.0132 F condition (a5 forged): 55.6 Btu Rt per ([tz hr F) at
68F {12).
2.014 Thermal expansion. 14.85 x 108 per F from 68F w0
292F (13).
2.015 Specific heat. 0.243 Bw per {(Ib 7).
2.016 Thermal diffusivity.
2.02 Oiher Physicat Properties
2.021 Density. 0,066 b por cu in (8).
2,022 Electrical properties, Table 2.022.
TABLE 2.022
|Allay QE2ZA
[Condition i
[Source (0]
Electrical Conductivity | Electrical
Percent Megmbos Resisdvity
Temperature - F IACS __per in3 micrchm - in
68 27.0 0.397 2.52
113 25.2 0.370 2,70
212 22.3 0.328 3.03
2.023 Mzgnelc properties. Nonmagnetic.
2.024 Emitance.
2.023 Damping capacily.
2,02 Chemical Properties
2.031 Corrosion resistance.
2.0311 QE224A, like other magnesivm alloys, is subject to
general and pitling corrosion in industrial, marine, and
moist environments. With suitable surface treament
and painting, it performs satisizetorily in all types of
natural environments with the exception ¢f conlinuous
immersion in water {13).
CobE 3404
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NONFERROUS ALLOYS

GENERAL

This magnesivm alloy, which is normally used in the
T6 condition (solution treated and artificially aged), is
produced primarily in the forte of castings, but it is
also suitable for at least limited applications as forgings
It combines good mechanical properties with excellent
foundry chararteristies, that is, Ruidity with little
tendency toward porosity and kot cracking. At room
temperaiure its strength is slightly lower than that of
ZK61A, but at clevated temperatures up to 540F, its
tensile strength is superior to that of any other mag-
nesium casting alloy. Above 540F, HK31A is somewihat
stronger. It has good creep properties al témperatures
up to 40GF, but long time strength and stability aro net
good at higher temperatures. The alloy is weldable by
inert- gas-are techniques. It ahould be considered for
any aorospace or other applications where good short
time mechanical properties are required up to 540F and
good creep properties up W 400F (5)(6).

1.01 Commercial Designation
QEZ2A
1.02 Alternate Designations
QE22, MSR
1.03 Specifications
Table 1.03.
TABLE 1.03
Alloy QE2ZA
Forms Specifications
AMS 4418C
Sand ASTM B3SO
Castings MIL-M-46062 (MR)
Federal QQ-M-56b (2)
Permanent ASTM B199
Mold MIL~M-46062A
Casting Federal QQ-M-46062A
Investment
Castings ASTM B403
1.04 LComposition
‘Table 1,04,
TABLE 1.04
Alloy QE22A
Souree {1} {2)(3)(4)
Percent Percent
Composition Minitmurn [Maximum|Mini Maximum
Silver 2.C 3.0 2.0 3.0
Didymium (a) 1.75 2.5 1.3 2.5
Zirconiutn, total 0.40 1.0 0. 40 1.0
Zirconium, soluble (b) 0.40 - - -
Copper - 0.10 - 0.10
Nickal - 0,01 - G¢.01
Others, total - 0.30 - ©.30
Magnesium Balance Balance
{a} A rare-earth alloy consisting of 85 percent neodymium and
15 percent praseodymium.
(b} Soluble zirconium is that portien of the zirconium thai is
soluble in 1:4 hydrochlorie acid held below its boiling point.
1.05 Heat Treatment(7)
1.051 Solution treatment: 970 io 980F, 8 hours in furnace

o
[
©

aumosphere containing 1 percent 50, minimum, quench
in water at 140F minimum within maxjmum delay time
of 30 seconds.

Artificially age to T6 condition: 400F, 8 hours, aircool.

Hardness (1)

T6 condition: BHN 62-85 with 500 kg load and 10 mm
ball or 1000 kg load and 9/16 inch bali; BHN §7-930 with
1000 kg load and 10 mm ball.

Forms and Conditigns Available

Produced primarily as ¢castings; limited production of
roli-forged rings. Used in the T6 (solution treated and
artificially aged) condition.

1.08 Melting and Casting Praciice
QE2ZA is melted and cast similarly to other zirconium Mg
g 7| ing alloys (see HZ32A, Qode i
3408, Scetion 1.08). The silver, which is added aspure| 2 5§ Ag
metal, and didymium, which s added as a magnesium-
didymium hardener, are handled in the same manner 2.0 Di
as zine. Zing and silver losses are negligible for each
melting eycle, but a loss of one fourth percent {of total 0.9 Zr
melt weight) of rare earths {dtdymium) for each melt
cycle is typical although this will vary with iocal
foundry conditions (8). QE 22A
1.08 Special Considerations
1.091 It is essential that contamination with aluminum, iron,
manganese, and silicon be preveated, as these eiements
prevent zirconium from performing its desired grain
refining function (9).
1.092 This alloy has relatively low section sensitivity, that is,
with good foundry practice, its mechanical properties
are not drasdcally reduced with increasing section
size (see Figure 3.0213)(10).
1.093 Rate of quenching from tke solution treatment tempera-
ture is critical, and castings should be quenched in hot
water within 30 seconds of their removal {rom the fur-
nace (6}.
2. PHYSICAL AND CHEMICAL PROPERTIES
2.01 Thermal Properties
2.011 Mcltng range. 1020-1190F (8).
2.012 Phase changes. Solution treatment results in partiat
lution of the furn-rare earth compounds that
normally appear al the grain boundaries in the as-cast
condition. Very finely divided precipitates form within
the grains during artificial aging. These precipitates
have not been fully ideatified, but are believed to be
silver-rare earth magnesium compounds and also pos-
sibly zirconium compounds (§)(11).
2.0121 Time-temperaure-transformaton diagrams.
2.013 Thermal conductivity.
2.0131 T8 condition: 59.5 Btu [t per (It2 hr F)(12) - 65,34 B
ft per (ft? hr F)(E).
2.0132 F condition (a5 forged): 55.6 Btu Rt per ([tz hr F) at
68F {12).
2.014 Thermal expansion. 14.85 x 108 per F from 68F w0
292F (13).
2.015 Specific heat. 0.243 Bw per {(Ib 7).
2.016 Thermal diffusivity.
2.02 Oiher Physicat Properties
2.021 Density. 0,066 b por cu in (8).
2,022 Electrical properties, Table 2.022.
TABLE 2.022
|Allay QE2ZA
[Condition i
[Source (0]
Electrical Conductivity | Electrical
Percent Megmbos Resisdvity
Temperature - F IACS __per in3 micrchm - in
68 27.0 0.397 2.52
113 25.2 0.370 2,70
212 22.3 0.328 3.03
2.023 Mzgnelc properties. Nonmagnetic.
2.024 Emitance.
2.023 Damping capacily.
2,02 Chemical Properties
2.031 Corrosion resistance.
2.0311 QE224A, like other magnesivm alloys, is subject to
general and pitling corrosion in industrial, marine, and
moist environments. With suitable surface treament
and painting, it performs satisizetorily in all types of
natural environments with the exception ¢f conlinuous
immersion in water {13).
CobE 3404
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2.0312 Thiz alloy has low susceptibility to stress corrosion
Mg cracking (6).
2.0313 For & discuasion of galvanic corrosion, see AZ31B,
2.5 Ag Code 3601, Section 2.0312.

. |2-032 Safety precautions should be directed to the prevention
2.0 Di of fires, burns, and explosions (see HZ32A, Code 3408,
04 Zf Section 2.032).

2.04 Nuclear Properties
QEZ22A
3. MECHANICAL PROPERTIES
3.01 Specified Mechanical Properties
3.on AMS and ASTM specifications, Table 3.011.
TABLE 3.011
[alloy QE22A
Condition T6
urce &) ) {4}
pre Casting Sand Fermanent Investment
Mold
Temp | Foy | Fry |e(2in) Fy F‘y &{2in)| Fu Fiy e{2in)
lSpeclmen F|ksi ksty min |ksi [ksi | min |ksi |ksi | min
min{ min min| min min jmin
{Separately 75 |35 |25 2 |35 |25 [2 |35 [25] 2
cast 800 [115 |9.0( - - - - - - -
Qut Erom
casting
singic 7 (28 f20] 1 - - - - - -
average 4
or more | 75 82 23| 2 - - - - - -
aingle 600 10 8] - - - - - - -
3.01% MIL-M-46062 (MR} specifications, Table 3.012.
TABLE 3.012
Allgy QE22A
Condition T6
Form Cnstiu_Es
Source a7
Tensile Properdcs I Designated
Sections of Castings
Fiy- ksi | Fyy - ksi] e(zin)
Section * Minimum Minimum | Minimum
] 44 28 1
2 3 28 2
a 33 23 2
X 28 20 2
* Seetions 1, 2, and 3 are designated cridecal
secdons of castings and would be specified
for the particular casting in question; section
X covers unspecified sections.
3.02 Mechanical Properties at Room Temperature
3.021 Tension. Typical for sand-cast test bara in T6 condition
Fpyy = 40.0 ksi Fry = 30.0 ksi e{2 in) = 4 percent
{7) (8) (16}
3.0211 Stress-strain diagrams (see Figore 3.0311).
3.0212 Effect of end chill on tensile properties of cast plates
of two thicknesses, Figare 3.0212.
3.0213 Effect of gection thickness on tensile properties,
Figure 3.0213.
3.0214 Effect of overaging on tensile properties, Figure
3.0214.
3.0215 Efiect of cold work on tensile properties, Figure 3.0215
CODE 3406
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3.0216 Effect of orientation and forglng reduction on tensile
properties of roll-forged rings, Table 3.0216.
TABLE 3.0216
[Alloy QEZ2A
Condition T8*
Form Rol! Forged
Souree {20)
imen Forging Reduction Feu Fry e(2 in)
Orientation perceat ksi ksi percent
20 43 33 8
ITangential 40 45 36 6
60 4 37 6
20 20 27 11
fAxial 40 L 29 10
40 30 k]
[Radial 20 50 26 9
[* Heat treated after roll forging.

3.022 Compression. Typical for sand-cast test bars in T6
condition. Fgop= 30 ksi (7).
3.0221 Stress-strain diagrams.
3.0222 Effect of orientation and forging reduction on compres-
sive properties of roll-forged rings, Table 3.0222.
TABLE 3.0222
Alloy QEZZA
Condition T5*
Formo. Roll Forged
Source {20}
Specimen Orientaiion Forging Reduction Fcy
percent ki
20 26
Tangential 40 28
60 25
20 26
Axisl 40 26
60 25
20 28
Radial 40 28
60 28
*Heat treated after roll forging.

3.023
3.024
3.025

3.028
3.027
3.0271
3.02711

3.02712

3.0272

3.028

3.03
3.031
3.4311
3.0312

3.0313

3.032
3.0321
3.033
3.0331

3.034
3.035
3.0351
3.038

Impact {see Figure 3.0331).

Bending.

Torsion and shear. Typical shear strength for sand-
cast test bars in T6 condition. Fg = 21.5 ksi (7){16).
Bearing.

Stress coneentration.

Notch properties,

Effect of crack length on breaking load of fatigue
cracked specimens as percent of breaking load of un-
cracked specimen, Figure 3.02711.

Effect of fatigue crack size on iotal stress to fracture
in bending, Figure 3,02712.

Fracwre toughness. A small amount of data on eracked
specimens appears in Reference 22. However the speci-
men is not suificienty well described to make the infor-
mation useful for the purposes of this Handbook.
Combined properties.

Mechanical Properties at Various Temperatures

Tensiea.

Stress-strain dlagrams, Figure 3.0311.

Effect of temperature on tensile properties of castings,
Figure 3.0312,

Flevated tempeérature tensile properties of roll forgings,
Figure 3.0313.

Compression.

Stress-strain diagrams.

Impact.

Effect of temperature on notched and unnotehed Charpy
impact propertes, Figure 3.0331.

Bending.

Torsion and shear.

Effect of temperature on shear strength, Figere 3.0351.
Bearing.
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3.037
3.0371
3.0372
3.038

3.04
3.04%

3.042
3.05

3.051

3.06

3.061
3.062
3.963

4.01

4,92
4.021

4.022

4.03
4,031

4.04

Stress concentration,
Noteh properties.
Fracture toughness.
Combined properties.

Creep and Creep Rupture Properties

Effects of temperature and stress on the times to var-
ious amounts of creep extension, Figure 3.041.
Creep rupture time at 392F, Figure 3,042.

[Fatigue Properties
$-N fatigue curves at room and elevated temperatures,

Figure 3.051.

Elastic Properties

Pofsson's ratio. 0.35 (13).

Modulus of elasticity, Figure 3.062.
Modulus of rigidity. 2.4x 10% ksi (13).

FABRICATION
Formability

Machining and Grinding

This altoy, like other magnesium alloys, has exception-
ally goed hinshility, which bles it to be machined
at high speeds and feeds. For further details, see
HZ32A, Code 3408, Section 4.021.

The alloy can be chem milled with sulfuzic, nitric, or
hydrochloric acid of $ percent strength or greater (13).

Welding

QE224A is weldable by gas tungsten-arc and gas metal-
arc techniques with either helium or argon gas shielding
EZ33A filler metal should be used when welded joints
will be used at high temperatures, whereas AZ92A and
AZ61A filler metals are satisfactory for reom-tempera~
ture service. Preheating to about 500F is recommended
if needed to minimize distortion or prevent cracking. o
possible, the welded part should be fully heat treated to
the Té condition afi¢r welding (6)(23).

Surface Treatment
See HZ32A, Code 3408, Sections 4.041, 4,042, and
4.043.
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and aging treatments spec¢ified for the T6 condition.
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1,01

1.02

GENERAL

ZHG2A is a magnesium-base casting alloy which combines
a reasonzble degree of castability with excellent strength
up to 300F. Its strength propertes drop sharply at
temperatures above 300F. Its castability 15 rated above
that of ZKS1A and ZKE1A but below that of QE22A, which
are other high-sirength magnesium casting alloys; how-
ever, the ductility of ZH62A is considerably better than
that of QE22A. ZH62A has excellent weldability and
machinability, Like other magmesium alloys, coatings

" are recommended to prevent cerrosion in humid, salt-

spray, amd marine environments. It is used only in the
artficially aged {T-3) cendition and should be considered
for any aerogpace or other applications requiring a high
strength~to-weight ratio at temperatures up to 300F.

Commereial Designation
ZHE2A

Alternate Desipnations
ZH62XA, TZ6 (British)

AMS 4438B

ASTM BB0-63

U.S, Federal QQ-M-56b (1)
SAE 508

MIL~M-460624

Cornposition
Table 1,04,

TABLE 1,04

Alloy

ZH6ZA

Source

Composition
AMS 44388 (18) ASTM B80-68

Percent Perceat
Minimum [Maximum | Minimum | Maximum

Zinc 5.2 6.2 5. 6.2
Thoriem 1.4 2.2 1. 2.2
Zireoaium
total 0.50 1.0 0.50 1.0
soluble* 0.50
Copper 0.10 9.10
Nickel 0.01 0.01
Others 0. 30 0.30
Magnesium Balance Balance

H
4

1.05

1.051

1.06

1.061
1.062

1,07

1.0%
1.091

1.09

soluble in 1:4 hydrochloric acid held below its boiling peint_

* Soluble zircenium is that portion of the zirconium that is

Heat Treatment
Artificially age 470 to 430F, 12 to 16 hours, AC to
Condition T-5 (1).

2 hours, AC, plus 340 to 360F, 16 hours (1){2).

Hardress

BHN 65-80 with 100¢ kg load and 10 mm ball (18}.
BHN 60-75 with 500 kg load and 10 mm ball or 1000 kg
lozd and 9/16 inch ball {18).

Forms and Conditigns Available
Preduced as castings and used in the T-5 (artificially
aged) condition.

Melting and Casting Practice (2)
(see HZ32A cast magnesium allay)

Special Considerations

aluminum should be aveided to prevent the formation of

aluminum-zirconium eompounds, which are detrimental

to mechanical properiies (5).
2 The alloy has excellent dimensional stability at service
temperatures up o at least 300F (6).

Alternative age treatment for Cendition T-%, 615 to 6I5F

NOGNFERROUS ALLOYS

Contamination of the alloy with more than 0.005 percent

2. PHYSICAL AND CHEMICAL PROPERTIES
Mg

2,01 Thermal Properties

2.011 Melting range, 15 Th

2.0111 The liquidus temperature is 1163F (2).

2.012 Phase changes. One or more zinc-zirconium phases are 5- 7 In
formed during artificial aging. Optimum mechanical
properties are dependent upon a uniform distribution of 0.7 Zr
these phases in firely divided form (4}.

2.0121 Time=-temperature-transiormation dizgrams.

2.013 Thermal conductivity. €3.0 Btu ft per (hr sq £ F) at 68F ZHBEZA
()5}

2.014 Thermal expansion. 15.1 X 1076 per F from €8 to 392F
B)8).

2.015 Specific heat. ©.23 Btu per (b F) from 68 to Z12F
(BME).

2.01€6 Thermal diffugivity.

2.02 Other Physical Properties.

2.021 Density. 1.86 g/ee (2)(5). 0.0675 I1b/cubic inch {6).

2.022 Electrical properties.

2.0221 Electrical conductivity. 0.39 megmhos/in® at 68F ().

26.3 percetit IACS at 68F (%) .

2.0222 Electrical resistvity. 2.56 mierohm-inch at 68F (3)

2.023 Magmetic properties.

z.024 Emittance.

2.025 Damping capacity. At a stress equal to 0.1 Fy. the
specific damping capaeity is 0.14, which is relatively
low in comparison with most other magnesium alloys (7).

2,08 Chemigal Properties

2.031 ZHB2A, like other magnesium alloys, will corrode in
industrial, marine, and moist environments. With
suiteble surface treatment and painting, it will perform
satisfactorily in all types of natural environments, with
the exception of continuous immersion in water (17). For
a discussion of galvanic corrosion see Code 3601, Section
2.0312.

2.032 Safety precautions should be directed te the preventicn
of fires, burns, and explosions. See HZ32A, Code 3408,
Section 2,032,

2.04 Nuclear Properties

2.041 Thorium metal is radicactive, but the amount contained
in this alloy i not sufficient to constitute a hazard in
normal handling. For precautions during melting and
welding, see HZ32A, Code 3408, Section 2.041.

2.042 The slight radioactivity of the alloy causes no interference
in the sending and receiving of radar and radio signals(8).

3. MECHANICAL PROPERTIES

3.01 Specified Mechanical Properties
Table 3,01,

TABLE 3.01
lloy ZHB2ZA

Form Sand Cast

Condition T-5

Specification AMS 4438B (18) | ASTM Ba0-68

Fao | Fry Fu | Fey

Specimen Temp | min | min [e(2 in)| min min fe(2 in)

Fli ksi | ksi | min | ksi | ksi | min
Cut from casting
(single) 75 |28, 7.5|1.0 {26.5(15.5 | -
{average of 4 or more} 75 |31.5 | 182.5|2.0 31.5 |17.5 | 1.25

ISeparately cast 75 35.0 | 22,0|5.0 5.0122.0 5.0

3.02 Mechanigal Properties 2t Room Temperature

3.021 Tension, Typical. F= 40.0 ksi, Fty= 25.0 ksi, and
e({2 inches) = 6 percent.

3.0211 Stress-strain diagrams (see Figure 3.03E1).

3.0212 Effect of section thickness on teasile properties.

Figure 3.0212.

3.0213 Effect of end chill on tepsile properties of cast plates of
two thicknesses. Figure 3.0213.
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Compression Typical Fgy™ 25.0 ksi {11).
Stress-strain diagrams.

Imparct. Notehed Izod - 2.5 {t-1bs (5).

Bending.

Torsion and shear.

Typical shear, Fg = 24.0 ksi (L1).

Bearing. Typical for scparately sand-cast test specimens
with e/D=2.5 @3}11). Fpp,=~ 72.0 ksi, Fppy= 49.0 ksi.
Stress concentratien.

Notch properties.

Fracture toughness.

Combined properties.

Mechinical Propertics at Various Temperatures
Tension.

Stress strain disgrams.

Complete tenslle stregs strain cuxves at various temp-
eratures, Figure 3.0314.

Effect of elevated temperatures on tensile properties,
Figure 3.0312.

Effect of subzere temperatures on tensile properties,
Figure 3.0313.

£1fect of strain rate on tensile properties at different
temperatures, Figure 3.6314,

Coropression.

Stress-strain diagrams.

Impact.

Effect of subzero temperamures on Charpy impact
strength, Figure 3.0331.

Bending.

Torsion and shear.

Bearing.

Streas concentralion.

Noteh properties,

Fragture toughness.

Cormbined propertics.

Creep and Cre¢p Ry Properties
Effect of temperature and stress on time to various

amounts of creep extension, Figwure 3.041.

Fatigue Properties
Wohler fatizue strength at 300F, sand-cast, smooth

machined specimens: 107 cycles, 8.5 ksi; 5 X 107 eycles,
7.6 ksi (6}

Elastic_Properties
Poisson's ratio, 0.3 (5).
Modulus of clasticity.

Effect of temperature on ténslon modulus, Figure 3.0621,..

Modulus of rigidity, 2.5 X 10° ksi (5).

FABRICATION
Formability

Machining and Grinding

This alloy, like other magnesium alloys, has exseption-
ally good machinability, which enables it to be hined
at high speeds and feeds. For further details, see
HZ32A, Code 3408, Scetion 4.021.

The alloy can be chemically milled with sulfuric, mitric,
or hydrochleric acid of 5 percent strength or greater (8).

Welding
The alloy can be arc welded with kelium or argon shield -

ing and ZHE2A or EZ33A electrodes. One of the artifi-
eial aging treatments (Section 1.05 er 1.051) should be
applicd after welding (AW3}5).

ZH62A should not be gas welded beeayse of probable
losses of zirconium (6).

Surface Treatment
(See HZ32A, Code 3408, Sections 4.041 and 4, 042)
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Thin ooa-heat treambie magnesjium alloy containing 2inc Mq
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In elther the O or H24 Condirion, this alloy possesses the Source ) 0.2 RE
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Lo9 Considerations 105 Fargue Properties, Tahle 3, 05
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alloy exrrusions, an extrusion alloy which does pot re-
Quire post weld stxeas relief in recommended. TABLE 3. &
Source )
Form V.64 15 0. 190 (o Sheet
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403 Welding. This alloy possesses good weldability. For
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1,01

1.02

GENERAL

ZHG2A is a magnesium-base casting alloy which combines
a reasonzble degree of castability with excellent strength
up to 300F. Its strength propertes drop sharply at
temperatures above 300F. Its castability 15 rated above
that of ZKS1A and ZKE1A but below that of QE22A, which
are other high-sirength magnesium casting alloys; how-
ever, the ductility of ZH62A is considerably better than
that of QE22A. ZH62A has excellent weldability and
machinability, Like other magmesium alloys, coatings

" are recommended to prevent cerrosion in humid, salt-

spray, amd marine environments. It is used only in the
artficially aged {T-3) cendition and should be considered
for any aerogpace or other applications requiring a high
strength~to-weight ratio at temperatures up to 300F.

Commereial Designation
ZHE2A

Alternate Desipnations
ZH62XA, TZ6 (British)

AMS 4438B

ASTM BB0-63

U.S, Federal QQ-M-56b (1)
SAE 508

MIL~M-460624

Cornposition
Table 1,04,

TABLE 1,04

Alloy

ZH6ZA

Source

Composition
AMS 44388 (18) ASTM B80-68

Percent Perceat
Minimum [Maximum | Minimum | Maximum

Zinc 5.2 6.2 5. 6.2
Thoriem 1.4 2.2 1. 2.2
Zireoaium
total 0.50 1.0 0.50 1.0
soluble* 0.50
Copper 0.10 9.10
Nickel 0.01 0.01
Others 0. 30 0.30
Magnesium Balance Balance

H
4

1.05

1.051

1.06

1.061
1.062

1,07

1.0%
1.091

1.09

soluble in 1:4 hydrochloric acid held below its boiling peint_

* Soluble zircenium is that portion of the zirconium that is

Heat Treatment
Artificially age 470 to 430F, 12 to 16 hours, AC to
Condition T-5 (1).

2 hours, AC, plus 340 to 360F, 16 hours (1){2).

Hardress

BHN 65-80 with 100¢ kg load and 10 mm ball (18}.
BHN 60-75 with 500 kg load and 10 mm ball or 1000 kg
lozd and 9/16 inch ball {18).

Forms and Conditigns Available
Preduced as castings and used in the T-5 (artificially
aged) condition.

Melting and Casting Practice (2)
(see HZ32A cast magnesium allay)

Special Considerations

aluminum should be aveided to prevent the formation of

aluminum-zirconium eompounds, which are detrimental

to mechanical properiies (5).
2 The alloy has excellent dimensional stability at service
temperatures up o at least 300F (6).

Alternative age treatment for Cendition T-%, 615 to 6I5F

NOGNFERROUS ALLOYS

Contamination of the alloy with more than 0.005 percent

2. PHYSICAL AND CHEMICAL PROPERTIES
Mg

2,01 Thermal Properties

2.011 Melting range, 15 Th

2.0111 The liquidus temperature is 1163F (2).

2.012 Phase changes. One or more zinc-zirconium phases are 5- 7 In
formed during artificial aging. Optimum mechanical
properties are dependent upon a uniform distribution of 0.7 Zr
these phases in firely divided form (4}.

2.0121 Time=-temperature-transiormation dizgrams.

2.013 Thermal conductivity. €3.0 Btu ft per (hr sq £ F) at 68F ZHBEZA
()5}

2.014 Thermal expansion. 15.1 X 1076 per F from €8 to 392F
B)8).

2.015 Specific heat. ©.23 Btu per (b F) from 68 to Z12F
(BME).

2.01€6 Thermal diffugivity.

2.02 Other Physical Properties.

2.021 Density. 1.86 g/ee (2)(5). 0.0675 I1b/cubic inch {6).

2.022 Electrical properties.

2.0221 Electrical conductivity. 0.39 megmhos/in® at 68F ().

26.3 percetit IACS at 68F (%) .

2.0222 Electrical resistvity. 2.56 mierohm-inch at 68F (3)

2.023 Magmetic properties.

z.024 Emittance.

2.025 Damping capacity. At a stress equal to 0.1 Fy. the
specific damping capaeity is 0.14, which is relatively
low in comparison with most other magnesium alloys (7).

2,08 Chemigal Properties

2.031 ZHB2A, like other magnesium alloys, will corrode in
industrial, marine, and moist environments. With
suiteble surface treatment and painting, it will perform
satisfactorily in all types of natural environments, with
the exception of continuous immersion in water (17). For
a discussion of galvanic corrosion see Code 3601, Section
2.0312.

2.032 Safety precautions should be directed te the preventicn
of fires, burns, and explosions. See HZ32A, Code 3408,
Section 2,032,

2.04 Nuclear Properties

2.041 Thorium metal is radicactive, but the amount contained
in this alloy i not sufficient to constitute a hazard in
normal handling. For precautions during melting and
welding, see HZ32A, Code 3408, Section 2.041.

2.042 The slight radioactivity of the alloy causes no interference
in the sending and receiving of radar and radio signals(8).

3. MECHANICAL PROPERTIES

3.01 Specified Mechanical Properties
Table 3,01,

TABLE 3.01
lloy ZHB2ZA

Form Sand Cast

Condition T-5

Specification AMS 4438B (18) | ASTM Ba0-68

Fao | Fry Fu | Fey

Specimen Temp | min | min [e(2 in)| min min fe(2 in)

Fli ksi | ksi | min | ksi | ksi | min
Cut from casting
(single) 75 |28, 7.5|1.0 {26.5(15.5 | -
{average of 4 or more} 75 |31.5 | 182.5|2.0 31.5 |17.5 | 1.25

ISeparately cast 75 35.0 | 22,0|5.0 5.0122.0 5.0

3.02 Mechanigal Properties 2t Room Temperature

3.021 Tension, Typical. F= 40.0 ksi, Fty= 25.0 ksi, and
e({2 inches) = 6 percent.

3.0211 Stress-strain diagrams (see Figure 3.03E1).

3.0212 Effect of section thickness on teasile properties.

Figure 3.0212.

3.0213 Effect of end chill on tepsile properties of cast plates of
two thicknesses. Figure 3.0213.
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Compression Typical Fgy™ 25.0 ksi {11).
Stress-strain diagrams.

Imparct. Notehed Izod - 2.5 {t-1bs (5).

Bending.

Torsion and shear.

Typical shear, Fg = 24.0 ksi (L1).

Bearing. Typical for scparately sand-cast test specimens
with e/D=2.5 @3}11). Fpp,=~ 72.0 ksi, Fppy= 49.0 ksi.
Stress concentratien.

Notch properties.

Fracture toughness.

Combined properties.

Mechinical Propertics at Various Temperatures
Tension.

Stress strain disgrams.

Complete tenslle stregs strain cuxves at various temp-
eratures, Figure 3.0314.

Effect of elevated temperatures on tensile properties,
Figure 3.0312.

Effect of subzere temperatures on tensile properties,
Figure 3.0313.

£1fect of strain rate on tensile properties at different
temperatures, Figure 3.6314,

Coropression.

Stress-strain diagrams.

Impact.

Effect of subzero temperamures on Charpy impact
strength, Figure 3.0331.

Bending.

Torsion and shear.

Bearing.

Streas concentralion.

Noteh properties,

Fragture toughness.

Cormbined propertics.

Creep and Cre¢p Ry Properties
Effect of temperature and stress on time to various

amounts of creep extension, Figwure 3.041.

Fatigue Properties
Wohler fatizue strength at 300F, sand-cast, smooth

machined specimens: 107 cycles, 8.5 ksi; 5 X 107 eycles,
7.6 ksi (6}

Elastic_Properties
Poisson's ratio, 0.3 (5).
Modulus of clasticity.

Effect of temperature on ténslon modulus, Figure 3.0621,..

Modulus of rigidity, 2.5 X 10° ksi (5).

FABRICATION
Formability

Machining and Grinding

This alloy, like other magnesium alloys, has exseption-
ally good machinability, which enables it to be hined
at high speeds and feeds. For further details, see
HZ32A, Code 3408, Scetion 4.021.

The alloy can be chemically milled with sulfuric, mitric,
or hydrochleric acid of 5 percent strength or greater (8).

Welding
The alloy can be arc welded with kelium or argon shield -

ing and ZHE2A or EZ33A electrodes. One of the artifi-
eial aging treatments (Section 1.05 er 1.051) should be
applicd after welding (AW3}5).

ZH62A should not be gas welded beeayse of probable
losses of zirconium (6).

Surface Treatment
(See HZ32A, Code 3408, Sections 4.041 and 4, 042)
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1. GENERAL 2.032 Cxidation reaistance. same ag AZ 3l B.
ZK 5\ A is ured for sand castings posecssing high strength Mg
and good ductility. i is recommended for emsll or relative- 2.04 Muclear Properties
Iy simple, highly siressed maris of uniform croas section. 45 ZI'I
This slioy 1s used o the TS5 Conditios which requires aaky 3 MECHANICAL PROPERTIES 07 Zr
2 low temperature srtificial aging. It has limited weldabili- .
v, {3, p. 102). 3.01 ge_gm ed Mechanical Frggrues
3.011 ified minimum mech properties, Table 3.Oll.ZK S1A
.01 Commercial Designation. ZK 31 A
E, 1
1.02 Alternate Designation Saurce AMS (1)
Allgy Mg -4.5Zn-0. 721
103 Specificaticns. Table 1.03. [ Form Sand Sand Sand
' casting (2) lamng ®) |test bars
| Condition Ts
TABLE 303 F , min-ksi 2] 24 34
AMS Form Federal ASTM
Castings, sand | OQ-M-56(8 BEO-56T min-ksij 17 14 0
= cfym)mm -percent] 2 - 5{d)
mnMﬁm
5! 55(c) had
1.04 Composition. Table i.04. (a) Specimens fram castings, AMS recammends niX 1¢ss than
4 and preferably 10 specimens, values are averages.
() lndividual specimicas from castings.
(c) 500 kg load and 10 mm ball.
TABLE 1.04 (a) (2 in).
Source AMS (1)
Percem
Min | Max 3.02 Mechanical Properties at Room Temperature
Copper ~ 0.10 3.021 Typical mechanical properties, Table 3.021
Nickel - 0.01
Zine 3.60 5.50
Zirconium, towl ® 0.5 1.00
Zirconium, soluble 0.50 - TABLE 3,02
Cxher Impurities, total - 0.30 Source (4, p.23)
atum Balance Alloy Mg -4. 57200 TZr
*0.0%5 10 0. 10 percent insoluble Zr nermat (2) Conditian TS
Fiu. typ - kst 40
Fry, typ - ksi F1
1.05 Heat Treatment (2 In) typ-percem 8
1.051 Age. From as-cast to TS Coadition. 12 he at 340 to 360 F, Fey, typ - kst %
(3.p. 1103). Fgu. typ - ksl 22
Fory, typ - ksi kr
1.06 Hardenability Fhry. tvp - ksi L
Haydness
1.07 Forms and Conditioas Available. BHN, op 65
1.07L  Sand castings in T5 Condition. RE, typ n
1.08 Melting and Casting Practice.
1.08) This alloy requires special handling and procedures. Uae
sufficient flux 1o control oxidation, (3, p. 1103). Casting tem-
perarure 1300 to 1550 F. 3.03 Mechanical Praperties at Various Temperatures
3.08 Elevated temperature tensile properties
1.09 Special Considerations. 3.0311  Effect of elevated temperature on tensile propervies of alloy
1.091 Avoid contamination with aluminum during melting. in TS Conditian, Fig. 3.0311.
3.0312 Effects of test temperature and strain rate on rensile pro- -
2. PHYSICAL AND CHEMICAL PROPERTIES perties of aand cast test bars in TS Condition, Fig. 3.0312.
2.01 Thermal Fropertics 304 Creep and Creep Rupture Properties
2.0l Malting range. Solidus temperature 1020 F, Liguidus tem- 3.041 °  Touai strain curves for alloy in TS5 Condition at 200 and 400F,
perature 1125 F, (3, p. 1103). Fig. 3.041.
2.012 Pnase changes. None. 3.042 Total sixain curves {or alloy in TS Condition at 300 F,
2,013 Therma! conductivity, Plg, 2.013. Flg. 3.042.
2.014 Therma!t cxpansion. At 63 F, 14.5 x 10 "in per in per ¥,
(3, p. 1302). 3.o05 Fatigue Properties
2,015 SpecUfic heat, A1 68 P, 0,244 Biu per Lb P.(3, p.1102),
2.018 f.etent hest of fuston, 76 Cal per gr or 137 Bwu per b, 3.05 Elasiic Properties
(3, p- 1102). 3.06l Modulus of elasticity. 5,500 kat, (5, p. 4. 107},
207 Effect of test temperature an emissiviry of magnestum al- -3,06l0  Swiic campression madulus. 6, 500 ket, (5. p. 4. 107).
loys, Pig. 2.017. 3.0612  Modulus of rigidity. 2, 400 ks, (S, p. 4. 107),
3.062 Polasasa’s ratie. 0. 35, (4. p-26).
2.02 Qxher Phyuical Properties
2.02) Density. AL 68 F, 8.0656 ib per cu in. 1.8} gr per cu cm, 4. FABRICATION
(3, p.1102),
2.022 Eiectrical resletivity, Fig. 2.022. 4.01 Forming and Casting
2.023  Magoetic properties. Noomagneric. é.011  Casting temperatare. 1300 to 1550 F. {3, p. 1103).
4,012 Casting design, When this alloy is used {or highly stressed
2.03 Chemical Propertics parts, casting design should be simpie, with uniform cross
2.031 Corrosion reeistance, same a» AZ 31 B. aecticas, (4, p, 53).
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4.02 Machining
Mg 4,021 Magneoi and Mag; ailloys have excellent machin~
ability and can be machingd at higher speeds and greater
45 1In econamy than moet canmon metals, (3, p. 084X+, p. 7).
07 zr 4.03 Welding
4.031 Thus alloy tas limited weldability. Where welding must be i
ZKSIA performed, use Helium or Argon gas methods with EZ 33 A
ar ZK 3) A welding rod and stress relieve(3, p. 1103).
4.4 Heating and Heat Treating
4.05 Surlace Treating, See AZ 63 A.
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GENERAL

This heat treatable magnesium alloy, which is usually
used in either the T5 (artificially aged) or the T6 {solu-
tion treated and aged} conditioa is produced in the form of
extrusions and forgings. It has similar high strength
properties to AZS0A, and its ductility and towghness are
superior to those of any other magnesium extrusion znd
forging alloys. A1 temperatures above 300F, its strength
falls below thar of the thorium containing alloy, HM31A.
ZK80A has poor arc-weldability, but reasonably good
resistance=weldability. This alloy is used for highly
stressed paris, primarily in aerospace and military ap-
plications at temperatures up to 300F. A variatien of
this alloy, designated (P}ZK60B, was formerly made by
extruding atomized ZK60A alloy into structural shapes.

It was used commercially to a very limited extent but is
now obsolete and no longer produced.

Commereial Designation
ZK60A.

Alternate Desimmations
ZKG0 and ZWa(British},

Specifications
Table 1.03

Composition
Table 1.04.

Heat Treatment

TS condition: age as=-forged (F condition) materizd at
290 to 310F 24 hours, air coo! ().

T6 condition: Solution treat at 925 to 935F 2 hours in
furnice atmosphere containing 1.0 percent minimum 50»
or 5.0 percent minimum (O, air cool, age at 290 to
310F 24 hours, air cool {6}(7).

O condition, full anneal: 550F 1 hour, air cool (6).
Stress relief after forming or welding: for material in
F condition 300F 15 minutes, air ¢ool; for material in
T3 or TG condition 300F 1 hour, zir cool (&)(8).

Hardness
Table 1.06.

Forms and Conditions Available
Table 1.07.

Melting and Casting Practice
{See AZI1B, Code 3601, Section 1.08.}

Special Considerations
In the T5 and T6 cenditicns, ZK60A loses rocm tempera=

ture strength rapidly as a result of exposures to tempera-
wres above 300 F.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range. 970 to 1175F {10).

Phase changes. In the F condition, this alloy contains
magnesium-zine and zircorium-zinc compounds within
an alpha mamesium matrix. T35 {artificial aging) treat-
ment of the F material causes finely divided precipitation
of more of these compounds. Selution treatment (930F)
causes most of the compounds te disselve in the matrix,
and artificial aging {about 300F) causes them W repreci-
pitate in finely divided form. Prolonged aging at higher
temperatures causes coagulation and growth of the preci~
pitates resulting in deterioration of strength.
Time-temperature-transformation diagrams.

Thermal conductivity, Figure 2.013,

Thermal expansion. 15.0-15.1x 1078 per F from 65 10
392F (10).

Specific heat, Figure 2.0135.

Thermal diffusivity. T3 condition, 2.39 sg ft per hr at
68F (10).
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3.0223

3.0224
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3.0252
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3.0281

NONFERROUS ALLOYS

MgWT

Other Physical Properties

Density. 0,0660 1b per cu in (10).

Electrical properties, Table 2.022.

Magnetic properties, non-magnetic.

Emittance.

Effect of temperature on normal total emittance of mag~
nesjum alloys in general, Figure 2.0241.

Mg
55 2Zn
05 Zr

Damping capacity. At a stress equal to 0.1 Fi, the
specific damping capacity of ZK60A in both the F and TS
conditions is 0. 2, which is a low level compared with
other magnesium alloys (13).

Chemical Properties

Corrosion resistance.

ZK60A, like other magnesium alloys, is subject to stress
corrosion and to general and pitting corrosion in indus-
trial, marine, and moist environments. With suitable
surface treatment and painting, it performs satisfactorily
in all types of natural environments with the exception of
continzous immersion in water (14).

Effect of stress on time to stress corrosioa failure of
specimens exposed to atmosphere in Washington, D.C.,
‘Figure 2.0312.

For a discussion of galvanic corrosion, see AZ3LIB, Code
3601, Section 2.0312.

Safety precautions should be direcied to the prevendon of
fires, burns, and explosions (see HZ32A, Code 3408,
Section 2.032).

Nuclear Properties

MECHANICAL PROPEATIES

Specified Mechanical Properties
Table 3.01.

Mechanical Properties at Room Temperature

Tension.

Stresa=sirain diagrams.

Stress-strain curves 2t Toom temperature for extrusions
in different conditions, orientation, and sections sizes,
Figure 3.02111.

Tensile properties of extrusions and forgings {n various
conditions and sizes, Table 3.0212.

Effect of exposures at elevated temperatureson tensile
properties of extrusions at room temperature, Figure
3.0213.

Tensile properties in varfous sections of aircraft wheel
forging, Table 3.0214.

Effect of rolling reduction and orientation on the tengile
properties of roll forged Tings producged direetly from
cast blanks, Figure 3.0215.

Effect of rolling reduction and orientation on the tensile
properties of roll forged rings produced from upset
blanks, Table 3.0216.

Compression.

firess-strain diagrams.

Compresslve stregs-strain curves al room temperature
for extrusions in differen: conditions, orientations, and
sections slzes, Flgure 3.02211.

Compressive yield strength of extrusions and forgings in
varfous conditions and sizes, Table 3.0222,

Effect of exposures at elevated temperatures on compres-
sive yield strength a1 room temperature, Figure 3.0223.
Effect of rolling reduction and orientation on the compres
sive yleld strength of roll forged rings produced directly
from cast blanks, Figure 3.0224.

Effect of rolling reduction ané orientation ona the compres
sfve yield strength of roll forged rings produced from
upset blanks, Table 3.0225.

Impact (s¢e Figure 3.0331).

Bending.

Torsion and shear.

Shear strengihs of extrusions and forgings in various con-
ditions and sizes, Table 3.0251.

Bearing.

Bearing properties of extrusions and forgings in various
conditions and sizes, Table 3.0281.

ZK60A
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Stress concentration.

Notch properties (see Figure 3.03711).
Fracture toughness.

Combined properties,

Mechanical Properties at Various Temperatures

Tension.

Siress-sirain diagrams.

Siress-strain curves at room and glevated temperatures
for forgings, forged at 600F from extruded material,
Figure 3.03111.

Stress~strain curves at room and elevated temperatures
for forgings, forged at 800F from cast material, Figure
3.03112,

Stress-strain curves at room and low temperatures for
extrusions, Figure 3.03113.

Effect of temoperature on tensile properties of extrusions,
Figure 3.0312.

Effect of temperature ¢n tensile properties of forgings,
Figure 3.0313.

Effect of temperature on tensile properties of extrusiens
after various exposure times at test iemperature, Figure
3.0314.

Effect of temperature and strain rate oz tensile proper-
ties of extrusions in F condition, Figure 3.0315.

Effect of temperature and strain rate on tensile proper-
ties of extrusions in TS condition, Figure 3.0316.
QCompression.

Stress-strain diagrams.

Effect of temperature on compressive yield strength of
extrusions, Figure 3.0322,

Impact.

Effect of low temperatures on impact streagth of hoth
smooth and notehed Charpy bars, Figure 3.0331.
Bending.

Torsion and shear.

Bearing.

Stress corcentration.

Notzh properties.

Effect of low temperatures on notched tensile strength,
Figure 3.03711.

Fracture toughness.

Combined properties.,

Creep and Cree; ture Properties

isochronous stress-atrain curves for forgings in TS con-
dition, Figure 3.041,

Isochronous stress-straln ¢curves for forgings in T6 gon-
dition, Figure 3.042.

Total ¢reep strain eurves for extrusions, Figure 3.043.
100 hour creep strength of forgings, Table 3.044.

Fatigue Properties
Fatigue propertics of extrusions, Figure 3.051.

Fatigue properti¢s of forgings, Figure 3.052.

Elastic Properties
Poisson's rado. 0.35 (§).

Modulus of elasticity.

Effect of iemperature on siate modulus of elastieity,
Figure 3.0621.

Compressive tangent modulus curves for extrusions of
varfous section sizes In TS condition, Figure 8.0822.
Compressive tangent modulus curves for extrusions of
various section sizes in F condidon, Figure 3.0823,
Compressive secant modutus curves for extrusions of
varigus section sizes in TS coadition, Figure 3.0624.
Compressive secant modulus curves for extrusions of
various Section sizes in F condition, Figure 3,0625.
Modulus of rigidity. 2.4 x 107 ksi (9).

FABRICATION

Formability

ZK60A, which can be formed by the usual methods and
equipment used in the forming of other metals, h2s good
formability at elevated temperapires but relatively poor
Tormability at room temperamre.

4.012
4.013

4,014

4.02
4.021

4.022

4.03
4.031

4.032

4.04
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Formabfiry limits for extrusiens, Table 4.012.

Although it is not normally necessary after hot forming,
stress relief in accordance with section 1.054 will mini-
mize chances of siress corrosion after severe forming at
temperatures appreciably below the maximum recorm-
wended forming temperatures.

ZKGOA has excellent forgeability in the range 750 to 500F
QOverheating must be avoided to prevent grain growth,
which can cause cracking during forging. When reheating
during forging {8 required, it is desirable io reduce the
starting temperature by abeut SOF for each reheat cycle.
A minimum section vedugton of 20 percent after the final
reheat is recorsmended to insure a fine grain structure.
(23).

Machining and Grinding

This alloy, like other magnesium alloys, has excepton
ally good machinability, which enabies it to be machined
at high speeds and feeds. For further details see HZ32A
Codo 3408, Secton 4.021.

The alloy can be chem milled with subfuric, nitric, or
hydrochloric acid of 5 percent strength or greater (24).

Welding
Because of a terdency to hot cracking, ZKG60A has poor

weldability by the gas-shielded arc processes applied to
many other magnesium alloys. Although arc welding is
not recommended because the results are inconsistent,
AZ924A filler metal should be used if welding is necessary
Stress relief In accordance with section 1.054 will mini=
mize the danger of stress corrosion cracking in welded
Joints. Gas welding is not recommended (17).

ZKB0A can be satisfactorily resistance welded, spot
welding being used to the greates; extent, Spot welds
have good static strength (shear and tension), but poor
fatigue sirength {9)(17).

Surface Trestment

For a disgussion of various surface treatments that can
be applied for corrosion protection see HZ32A, Code
3408, Sections 4.041, 4.042, and 4.043,

TABLE 1.03
Alloy ZKE0A
sSource {1}
Forms Specifications
AMS 4352D
Extruded rods, bars, | ASTM B107~69
and shapes Federal QQ-M-31ib(1)
SAE 524
“AMS 4362 B
ASTM B91-68
Forglngs Federal QQ-M-40b(1)
SAE 524
AMS 4352D
ASTM B107-69
Extruded tibes Federal WWw-T-B25a
SAE 524
TABLE 1,04
[Atoy ZKB0A
Source (2)(3){4)(5)
~ Percent
Element Minimum Maxd mum
Zine 4.8 6.2
Zirconjurn 0.45 -
Impurities
{total) - 0.30
Magnesium Balance
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TABLE 1.06 TABLE 2,022
Alloy ZKG60A Alloy ZEG0A Mg
Source (%) Condition TS5
Brinell Source (10) 85 Zn
Form Condition Hardness Electrical Conductivity Electrical
Extrusions F 75 Temperature Megmhos Resistivity 05 Zr
TS 82 F Percent IACS | per in? microhm-in
Forgings TS 63 68 30.4 0.447 2,24
Té 5 100 28.8 0.424 2.38 ZKGOA
200 24.6 0.362 2.78
300 21.5 0.316 3.16
400 19.2 0.282 3.53
500 17.4 (.256 3.90
TABLE 1.07
Alloy ZK604 T T
[Source (9) MAGNESIUM ALLOYS
Forms Condition 0.24— @ AS RECEIVED {®)
Extrusions: rods, bars, W CLEAN AND SMOOTH
solid shapes, tubes, F and TS & POLISHED
semi-hollow and hollow
shapes 0.22}-( ) AFTER REPEATED
Forgings: die forgings, HEATING AND COQLING
hand forgings, and TS5 and T6 (&)
roll forged rings
6.20
0.18
ZE60A p
75| EXTRUSIONS .//'
® T5 CONDITION EMITTANCE
& F CONDITION 0.15 {|)
" '//‘ - 1
= 0.14 W
=Tl
& L 7 | 0.12
[~
f
= 69 &
=2 i
™ 1
2] Iy 0.10 -
400 ~200 Q 200 400 600
67 TEMPERATURE - F
0 100 200 300 400 500
TEMPERATURE - F FIG. 2.02¢1 EFFECT OF TEMPERATURE ON NORMAL TOTAL
EMITTANCE OF MAGNESIUM ALLOYS IN GENERAL
FIG. 2.013 THERMAL CONDUCTIVITY. {LO0}I1) (11)(12}
35 T
ZK60A
ZK60A I ] EXTRUSIONS
0.33 ! F CONDITION
30
i [ ]
| (I
0.31 | LIQUID/] . \
— ! 2
~ SoLID | | o \
[ | a
é MELT- |
=0.29 | 1
= r/ TUOING T 20
o RANGE
g i | ——
2 | |
2927
/ 13
0 200 400 600 800 1000
EXPOSURE TIME - DAYS
0.2
200 400 600 800 1000 1200 FIG, 2.0312 EFFECT OF STRESS ON TIME TQ STRESS
TEMPERATURE - F CORROSION FAILURE OF SPECIMENS
EXPOSED TO ATMOSPHERE IN WASHING-
FIG. 2.015 SPECIFIC HEAT. 19) TON D.C. sy
CODE 3506
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TABLE 3.01
Mg | [2lex ZK60 A
Form Extrusions
5.5 Zn |[condition T
Outside Sectien Fru Fty ¢ Fcy
05 Zr Shapes Source | Cross sectionalldiameter| thickness [ ksi | ksi | (2 in) | ksl
area - in? in in mir | min | min | min
up to 2 - - 45.0[36.0 4 30.0
ZK60A 2103 - - 45.0[36.0 | 4 28,0
Bars, rods, @ 305 - - 45,036.9 | 4 25.9¢
and solid shapes; 5 to 10 - - 45.0|34.0| & 23.0
10 e 25 - - 45.0|34.0| 8 22.0
25 o 40 - - 43.0031.0] 6 20.0
R - uptod |0.025-0.230| 46.0135.0 | 4 76.0
Tubing @ - 3 108.5 | 0.094-1.188 | 44.0(33.0 ] 4 21.0
Hollow shapes (2) all - all 46.0)35.0 | 4 26.0
Bars, rods, - - -
and shapes (5) | uptos 45.0136.0 [ 4
R - fapto § | 0.026-0.250 | 46.0]38.0 ] 4 -
Tubing & - B108.5 {0.094-1.186 | 44.0(33.0] 4 -
Hollow shapes (5) all - all 46.0]38.0 | 4 -
Form Extrusions
Condition F
Bars, rods, ) upto 5 - - 43.0031.040 & -
and shapes 5 to 40 - - 42,0131.0| 4 -
‘Tubing (5 - jp o3 [0.028-0.750 [ 40.0(28.01 & -
Hollow shapes (5) all - all 40.0[28.¢ 5 -
Form Forgings
Condition T5
Die Forgings Gxa [ - | - } upto3 [ 42.0]26.0] 7 -
Hand Forgings &7 | - = Jurwé [35.0|20.0[ 7 =
Note: Test specimens oriented in the direction of maximum How.
B0 T T r
ZK80A | T5 CONDITION <2 QI
EXTRUSIONS -3 IN
/ 3-5 SQ IN
45 s < F CONDITION ———
// <z 5@ IN
/ / |
0 /i F CONDITION
7 2-40 SQ IN
kL] /
30
25
LONG F CONDITION
- TRANSVERSE_ooios } 5-40 5Q IN
2
20 . !
SHORT TRANSVERSE
15 l
1
LONGITUDINAL SPECIMENS
10 EXCEPT WHERE NOTED
5
]
0 0.4 0.8 1.2 1.6 2.0 2.4
STRAIN - PERCENT
FIG. 3.02111 STRESS-STRAIN CURVES AT ROOM TEMPERATURE
FOR EXTRUSIONS IN DIFFERENT CONDITIONS,
ORIENTATIONS, AND SECTION SIZES. (9)
CODE
3506 © 1972 Belfour Stulen, Inc.
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TABLE 3.0212 TABLE 3.0214
Alloy ZK60A Alloy ZKE0A Mg
uree {9) Form A:ircraft_\.ﬁheel Forging
Cross Sectional | Fy, | Fry Source (@5) 55 Zn
Condition Form Arega ~ sq in ksi ksi (2 in) Condition Test Location Fry- ksi | Fy - ksi e(2 in)
Extruded rods,| under 2.000 53 44 11 A. Him Vertical 36,0 19.5 10.5 0S5 Zr
Ts bars, and 2.000-2.999 52 43 12 B. Web Tangential 43.5 32.5 18.5
shapes 3.000-4.999 51 42 14 C. Center Vertical 39.5 24.0 15.0 ZKG0A
Extruded rods,| under 2.000 49 38 14 TS D. Center Vertical 39.5 23.0 16.5
F bars, and 2.000-2.999 49 a7 14 E. Web Radial 41.¢ 25.0 16.5
shapes 3.000-4.999 49 36 14 F. Rim Vertical 42.0 24.0 12.0
5.000-39.999 | 48 37 9 G. Rim Taogential 45.0 35.5 22.0
Dimensions—in A. Rim Vertical 43.0 34.0 10.8
3.0 max OD and 50 40 11 B. Web Tangential 45.5 33.0 11.0
TS5 Extruded tubes|0.028-0.250 wall C. Center Vertical 43.90 34,0 10.5
3.0-8.50D and 49 a9 12 T8 D. Center Vertical 43.0 34.0 10.5
0.094-1188 wall E. Web Radial 42.5 35.0 15.5
T5 Extruded limits not 50 40 11 F. Rim Vertical 43.0 34.0 10.5
L3 hollow ghapes established 46 34 12 G. Rim Tangential 45.5 38.0 11.0
TS Forgings 1imits not 44 30 18
T given 47 33 11 ]--——-—— 36 inches -——-|
Note: All properties apply to longitudinal orientation. \
T
1 ZKE0A |
ROLL~ FORGED RINGS
85 T5 CONDITION T6 CONDITION —
1 ]
| zxeoa = E
55 EXTRUSIONS [ % - 3
T5 CONDITION y Fry
L 45 b
| ] L
50 50
T T
e @®TANGENTIAL
. i -
o— o= AAXIAL
45 —L'—‘—‘—'\L BRADIAL /.____,.—4
40
L " r”/‘
5 10 = ol —— g '/.n—_.\" —
—h
Tt ___d 30 [
35 [
{__ / E‘TY .
5\ - N g i—-—-___'
AT 0 -
20} BT ——F =2 .
= 25
®200F EXPOSURES W 100F 5 coop
2514 300F O 500F
T
20 ! z » ::l — .
e / ;
b | = = - 4
& 10 N ,//*"—‘ c(2 IN) ———
9
= &(2 IN) ‘ l »
& 1 ALL LONGITUDINAL SPECIMENS 5
o { I I l 20 40 60 20 40 80
0 200 100 600 500 1000 10,000 ROLLING REDUCTION - PERCENT
EX POSURE TIME - HOURS
FIG. 3,0213 EFFECT OF ROLLING REDUCTION AND QRIENTA-
FIG. 3.0213 EFFECT OF EXPOSURES AT ELEVATED TEMP- TION ON THE TENSILE PROPERTIES OF ROLL-
ERATURES ON TENSILE PROPERTIES OF EX- FORGED RINGS PRODUCED DIRECTLY FROM
TRUSIONS AT ROOM TEMPERATURE. (9)(18) CAST BLANKS. 18)
CODE 3506
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TABLE 3.0222
Mg oy ZK60A
urce (9}
55 Zn Cross Sectional E ks
Condition Form Area ~ sq in cy = 1S
05 Ir Extruded rods, | under 2.000 ET
TABLE 3.021% 5 bars, and 2.000-2.099 31
Jalioy ZKG0A shapes 3.000-4.999 30
ZKe0A E‘:m Roll Forged Rings Extruded rods, under 2. 000 33
[onrce _ (18} F bars, and 2.000-2,99% 28
Folling Reduction | Fry | Fpy | e shapes 3.000-4.999 27
Condition| Orientation Percent ksi kst {2 in) 5.000-39.999 23
Tangential 40 49 EE] 13 Dimensions - in
50 51 42 12 TS Extruded tubes | 3.0 max OD and 20
TS |Axat 40 45 | 26 14 0.094-1. 188 wall
_ 60 45 | 28 14 303 500 g "
Radiak o “ | 2 2 0.094-1,188 wall
_ 5¢ 45 | 23 15 TS Extruded hollow | limits not 29
Tangential ;g g: :; 13 F shapes established 25
— TS5 Forgings limits not 28
Té [Axal :g :; ::z; 1; F given by
: Tt Iy to longiudinal orientation.
T r - - > [Rote: All properties apply inal oricntation
50 50| = 14
ZK60A
s0| EXTRUSIONS
TS5 CONDITION
LONGITUDINAL SPECIMENS
3 I—
5 —
— —
Z Fer I
ae - |
0 ® 200F EXPOSURES W G007
‘A 300 O 5Q0F
ZKEOA ! 25 £ . BOF
EXTRUSIORS 0 200 200 800 500 1060
2 50 IV
e R EXPOSURE TIME - HOURS
35 Pl !
i FIG. 3.0223 EFFECT OF EXPOSURES AT ELEVATED
<2 5Q N TEMPERATURES ON COMPRESSIVE YIELD
T T T T 23 SO IN STRENGTH AT ROOM TEMPERATURE. (9)
30 £ 3-5 5@ N ——
/ gr i 2-3 8Q IN
| — 3-5 5Q IN —
i // — ZKS0A |
25 ir e ] 5-40 SQIN — a0 ROLL-FORGED RINGS
1= . . »
Yy “ T5 CONDITION T6 CONDITION
% LONG TRANSVERSE
2 24 540 SQ IN 35 |—-1 ® TANGENTIAL
g 174 A AXIAL
74 =W RADIAL
/4 [\-SHORT TRANSVERSE
5-40 SQ IV
15 I 30 Foy
&
x
— T5 CONDITION
10 ——— F CONDITION 25 [
LONGITUDINAL SPECIMENS
R EXCEPT WHERE NOTED 20 <
o 15 -
o 0.2 0.5 1.2 1.6 2.0 2.4 20 20 50 20 40 60
STRAIN - PERCENT ROLLING REDUCTION - PERCENT
FIG. 3.02211 COMPRESSIVE STRESS-STRAIN CURVES AT ROOM FIG. 3.0224 EFFECT OF ROLLING REDUCTION AND ORIENTA-
TEMPERATURE POR EXTRUSIONS IN DIFFERENT TION ON THE COMPRESSIVE YIELD STRENGTH
CONDITIONS, ORIENTATIONS, AND SECTION OF ROLL~ FORGED RINGS PRODUCED BIRECTLY
SIZES. ©) FROM CAST BLANKS. 15)
copE 3506
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TABLE 3§.0225 10 T
IA.“O)' ZKE0A ZK60A | I M
IFUrm ) Holl Forged Rings FORGINGS T6 CONDITIOX / T g
Source {18) 35 T5 CONDITION 85 Zn
Rolling Reduction . v
Condition | Orientation Percent Fey - ksi 5F 05 Zr
Tangential 40 25
60 27 30
T5 Axial 20 22 ZKB0A
60 25
Radial 40 26 25
60 30 /
Tangential 40 27
50 24 / | 300F
6 Axial 10 27 520
80 22 = 300F /
Radial 40 35 7 ~
) 60 37 /
15 /_._- 400 F —]
/ A
10 200F !
/ | 300F
5 | 600F =1
| 500F
| 600F
0 ]
0 [ 0.8 1.2 0 0.4 0.8 1.2
STRAIN - PERCENT
TABLE 3.0251
Alloy ZK60A FIG. 3.03111 $TRES$-STRAIN CURVES AT ROOM AND ELE-
Source ) VATED TEMPERATURES FOR FORGING,
Cross Sectional F.. - kei FORGED AT 600F FROM EXTRUDED MATERIAL.
Condition Form Area - sg in su a7
Extruded rods, under 2.0G0 26
T3 bars, and shapes 2,006 - 2,999 26
3.000 - 4.999 25
Extruded rods, under 2.000 24
F bars,and shapes 2.000 - 2,999 24
3.000 - 4.999 24
5.000 -39, 999 24
rs Forgings limits not 24 |
F given 25 a0 | ZRE0A
Note: All properties apply to longitudinal orientation. FORGINGS / T5F ?SFI‘
T6 CONDITION
3515 connn7
20 /
25 300F
[ / |00
z 20 i /
|
|
N ook B
TABLE 3.0261 / / i
Alloy ZKB0A i
Source (9}
Cross sectional Poru”™ Fory* 1o
Condition Form area - sq in ksi ksi B b 500F
Fxiruded rods, | under Z.000 i} 58 | — seoF / L] |
T3 bars, and 2.000-2.999 78 53 H —J
shapes 3.000-4.999 77 52 | et §00F | B00F
Extruded rods, | under 2.000 76 56
F bars, and 2,000-2.993 7% . 50 0
shapes 3.000-4.99 i 49 0 6.4 0.8 1.2 0 0.4 0.8 1.2
5.000-39.599 75 4 STRADN - PERCENT
T5 |FPorgings lirnits not 35 42 B
F glven &5 46 FIG. 3.03112 STRESS-STRAIN CURVES AT ROOM AND ELEVATED
:of:_ge:\fl'?:;’:::i;h?l;:d';‘;”;f;:g;:"ié;mnm TEMPERATURES FOR FORGINGS, FORGED AT
bkl Y - S00F FROM CAST MATERIAL. 17}

CODE 3506
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100 50 :
M ZKBOA LN ! zkeoa |
g EXTRUSIONS N FORGINGS
55 Zn T5 CONDITION \ \X FTU> — 75 COND
80 40} o 2 ——&-T6 COND |
. ™~
o5 Zr ~ ~
-423F FT:']A\ \\
ZK60A " ~ o TN
-321F g \\ “a
% NN
& / -103F N ~
an r 20 g
f\ \ Y Y
/ 79F )
/ 10
20 100 [ LOGITUDINAL SPECIMENS?
/.
& /‘
A
=
o 0 50 e(2 IN)
[ 0.004 .008 012 = A
STRAIN - INCH PER INCH & /ﬂ"‘
-
//
FIG. 3.03113 STRESS-STRAIN CURVES 0 ¢
AT ROOM AND LOW 0 100 200 300 400
TEMPERATURES FOR TEMPERATURE - F
EXTRUSIONS.  (19)
70 FIG. 3.0313 EFFECT OF TEMPERATURE ON TEN-
T 2HE0A SILE PROPERTIES OF FORGINGS. (9)
EXTRUSIONS
. T5 CONDITION
80 o\
50 5
Fry
0 \ . 2K60A
F 50 EXTRUSIONS —
5 TY T5 CONDITION
X
%0 2 LN
w AN
AN \ Fry
20 N A\
\ w \
5 Fry | NN
) = AN
10
20 AN 3N
LONGITUDINAL $PECIMENS \\
0 T\\
200 10 |- LOKGITUDINAL SPECIMENS ™~
——10 MIN EXPOSURES ‘\
r —4—1000 HR EXPOSURES
130
0
100
g =
2 3 -
G1oe g -
& 5 s0
o -
o2 T) e e 1)
50 *]
/ 0
[} 100 200 300 400 500
TEMPERATURE -~ F
- —
-400 -200 [) 200 400 600 FIG. 3.031a EFFECT OF TEMPERATURE ON TENSILE
TEMPERATURE - F PROPERTIES OF EXTRUSIONS AFTER
FIG. 3.0312 EFFECT OF TEMPERATURE ON TENSILE PROR- VARIOUS EXPOSURE TIMES AT TEST
ERTIES OF EXTRUSIONS, (3)012) TEMPERATURE. (9)(20)
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0 .
ZKE0A
| &0 - EXTRUSIONS Mg
ZK60A TS CONDITION 55 Zn
EXTRUSIONS 30 k.
F CONDITION - 0.5 2Zr
3 405 cY
\E\ " 2 20 N ZK60A
<
50 Q{\\ 20
\\ 10 \
o
i
0 N 0 ,
oy
g A 0
L > 0 100 200 300 400 500
S l O\ h TEMPERATURE - F
2 }
STRAIN RATE %
©0.050) IN PER ™M\, FIG. 3.0322 EFFECT OF TEMPERATURE ON COMPRES-
©0.50  IN PER o SIVE YIELD STRENGTH OF EXTRUSIONS.(9)
ol&s.0 MIN — 50
0 200 400 600 800 ZKG0A J
TEMPERATURE - F EXTRUSIONS
FIG. 3.0315 EFPECT OF TEMPERATURE AND STRAIN s el ~
RATE ON TENSILE PROPERTIES OF EX-
TRUSIONS IN ¥ CONDITION. 9) A
¢ L [~————9
SMOOTH
40 _4// ! I
] #C TS CONDITION
) A A F CONDITION
=y !
| NOTCHED o—
0.394
2 T
__| STANDARD KEYHOLE
NOTCH
{e— 2,00 —=]  j=—a{—0.39¢ | IE CHARPY
0 L L
, 60 ~120 -100 -80 -60 -4 -20 0
ZK60A TEMPERATURE - F
EXTRUSIONS
N T5 CONDITION FIG. 3.0331 EFFECTS OF LOW TEMPERATURES ON IMPACT
0 40 STRENGTH OF BOTH SMOOTH AND NOTCHED
R N = CHARPY BARS. a2
=
| . 80
0 N 20 2 | | ZKB0A
6
\'\ & NOTCH STRENGTH EXTRUSIONS
~a P - T5 CONDITION 70
y N~ ! '
0 = 0 T~ |
‘ ‘
‘\R ‘ \‘\ ‘ \\. 0%
5 N 602, E
= \Q e
I \< 7 \
> 20 A F.
& {STRAIN RATE . U 50
* | ®0.030) IN PER™EN, =} 8.714 Ej 3;0'5% ~
0 0.50 > IN PER T 2 — 1 t
A35.0 MIN — = =0.027
0 - ®1.40 40
0 200 100 oo 300 5
TEMPERATURE - F Z Ky =3 /.
F1G. 3.0316 EFFECT OF TEMPERATURE AND STRAIN i 1-20 :
RATE OX TENSILE PROPERTIES OF EX- 5 l L
TRUSIONS IN T5 CONDITION. (9) E /
%100l — 85 .
~500 -400  -300  -200  -100 [ 100
TEMPERATURE - F
FIG. 3.03711 EFFECT OF LOW TEMPERATURES ON
NOTCHED TENSILE STRENGTH.  (19)
COBE 3506
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20 ;
Mg 5 SEC I | ZK60A
FORGINGS
0 SE
55 Zn . //:l ¢ , MI!N TS CONDITION
5 Zr L "
/ L 15 MIN s SEC AXIAL SPECIMENS FROM
ZK60A Pl / i 30 SEC AIRCRAFT WHEEL RIM
12 4 [—1 HR |
/ | — 2 MIN
- p |5 HR / |_— s vy 500F
X [ ~10 HR I 5 5EC
// /// 15 MDY /// 30 SEC
4 // L1 AR ‘ 2 M _
i
L —— 3 HR 15 MIN
300F — | wor ] 1 — 1HRr
0 |
[ 0.8 1.6 24 0 0.8 1.6 2.4 0 0.8 1.8 2.4
STRAIN - PERCENT
FIG. 3.041 ISOCHRONOUS STRESS-STRAIN GURVES FOR FORGINGS IN T5 CONDITION. o)
8 1
* ZKG0A
5 SEC FORGINGS
/ T6 CONDITION
24 30 SEC
/ | —— 2 MIN
/ ANIAL SPECIMENS FROM AIRCRAFT
20 L L— 10 1"{“ WHEEL RIM
// ?” N 5 SEC
16 / 2 HR // 30 S5EC
2 /// - 10 HR // 2 MIN S00F
12 - b 10 MIY
?._ 30 MIN 5 SEC
2 HR
E g Lom | | e
Lz MIN
| — 10HR L1 Mo
. A -~ 30 MIN—]
L — zHR
200F 400F
10 HIR
[1}]
0 0.3 1.6 2.4 0 0.3 1.6 2.4 0 0.5 .6 2.4
STRAIN - PERCENT
FIG. 3.042 ISOCHRONOUS STRESS-STRAIN CURVES FOR FORGINGS IN Té CONDITION. )
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[=IE T
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5

1

NONFERROUS ALLOYS

-
<o

T
ZK60A '
EXTRUSIONS
1 PERCENT TOTAL EXTENSION | onarivmen s, —
SPECIMENS
_-_-_—‘\—\_
[ 0.5 PERCENT
L]
0.2 PERCENT
95F
:--.__\\‘1 PERCENT
T
0.5 PERCENT— | /?\\\
a
0.2 PERCENT 200 F
— 1 PERCENT
\ ]
—
S~ 0.5 PERCENT
0.2 PERCENT
\ 250F
1 PERCENT
\< 0.5 PERCENT
\Z <—0.2 PERCENT
\\
™~ 300F
1

100

1000

MgWT

TIME - HOURS

FIG. 3.043 TOTAL CREEP STRAIN CURVES FOR EXTRUSIONS.

(2(20)

TABLE 3.044
Alloy ZK60A
ISource {9)
100 hour creep strength ~ ksi
0.1 percent 0.2 percent 0.5 percent
Condition|Temp| creep extension|ioral extension | total extension
- 300 ¢.9 1.3 2.3
5 a0 0.2 0.3 0.5
300 3.3 3.8 6.2
6 400 1.2 1.5 2.3

35
2KE0A Mg
EXTRUSIONS
M AN 55 7n
Wm F CONDITION 05 Zr
25 -ROTATING BEAM oy
- Y ZK60A
A= m
20
35
ALL DATA PERTAIN TO MACHINED AND
POLISHED LONGITUDINAL SPECIMENS
30 ] {
\\ ; T5 CONDITION
825 P ; o
- N
2
4 ;
£ 0 T S
w i
= ROTATING BEAM
= R=-1; A=<
=13
i F CONDITION
=
AN\ ANAR SRR R
TRAAAMNMNNY - Bee
A=0,6
35
, 30
m\ T5 CONDITION
“ \ AXIAL LOAD
R=1/4
A=0.6
40
10% 108 107 108
CYCLES TO FAILURE
FIG. 3.051 FATIGUE PROPERTIES OF EXTRUSIONS. @
30 .
ZK60A
FORGINGS
TS CONDITION
= -
x MACHINED AND POLISHED SPECIMENS
20 \NL'-‘-\_‘F-—-_ l
15 '
ROTATING BEAM ]
= R=-1
z \ A= X
v 10
723
=
£ NOTCHED SPECIMENS, K; = 2
= 2
=
g MACHINED SPECIMENS
S20
= REPEATED FLEXURE
R=-1
A=CC
15 NR
10
109 108 107 108
CYCLES TO FAILURE
FIG. 3.052 FATIGUE PROPERTIES OF FORGINGS. ®11)
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3
I
Mg ZKG0A ] '
T5 CONDITION
95 Zn 7| & ® EXTRUSIONS
05 Zr S & FORGINGS
= -
4 E
ZKe0A g 6
=1
5
4
-300  -200  -100 0 100 200 300
TEMPERATURE - F
¥IG. 3.0621 EFFECT OF TEMPERATURE ON STATIC MODULUS
OF ELASTICITY. (9){19}
40 : :
ZKE0A
_ EXTRUSIONS
35 <250 1N [~___ T5 CONDIHO¥
~_ 2-3 5@ IN \
30 ]
3-5 5Q I¥
25
z
=
)
o
@ 20
F w
in
1 ; -~
3
10
LONGITUDINAL SPECIMENS
5
0
v H 2 3 4 H 6 1
TANGENT MODULUS - 1000 KSI
FIG. 3.0622 COMPRESSIVE TANGENT MODULUS CURVES FOR
EXTRUSIONS OF VARIOUS SECTION SIZES IN
TS5 CONDITION. (9
CoDE 3506
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40 T
ZKBOA
EXTRUSIONS
as F CONDITION
—— <25 W
2R
30
—_ 23RN
[ S ———
8 50 IN \
25 } \\\
g 5-40 5Q IN &
é 20 s N—
TR
£
15[ SHORT TRANSYERSE = <
5-40 5Q IN / (“-\-2
10 é—wnc TRANSVERSE
5-40 5Q IN
5|—— LONGITUDINAL SPECIMENS
EXCEPT WHERE NOTED
I
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TABLE 4.012
Alloy ZKB0A
Seurce 22}
Min bend Hot forming limits
Form Condition|rad at 715F Time and Temp | Min bend rad
Solid F 12t 1/2 hr at 550F 2t
extrusions T5 12t 1/2 hr at 400F 8. 6t
Tubing F 50 = B
Note: t = thickness: D = tube QD
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1. GENERAL
2ZK61A is a magnesi sand-casting and inw ent-
casting alloy, which has an outstanding combination of
strength and ductility in the age~hardened condition. It
was developed o provide castings with a very high
strength-te-weight ratio for use in acrospace applica-
tons at temperatures up to about 350F (1), The
achievement of this goal resulted in somewhat peorer
foundry characteristics—-fluidity, microporosity, hot=
eracking tendency--than most of the other magnesium
alloys. This alloy has excellent machinability but poor
weldability. Its corresion resistance is similar to that
of most other magnesium alloys; for long-time expo-
sures to marine or industrial environments, chemical
treanuent followed by painting is recommended.

1.01 Commercial Designation
ZKB1A

1.62 Alternate Designations
ZKél

1.03 Specifications
AMS 4444A
ASTM B80-68, B403-67
Federal QQ-M-56b (1)

MIL~-M-46062A
SAE 513
1.04 Composition
Table 1,04,
TABLE 1.04
Alloy ZKGIA
Source AMS 4444 A{2), ASTM B80-68, B403-67
Percent Percent
Element Minimum | Maximurs | Mini i
Zinc 5.5 £.5
Zirconium (total} 0.6 1.0
Zirconium {soluble)* 0.6
Copper - 30.10
Nickel - 0.01
‘Others (total) - 0.30
Magnesium R ind Remainder
* Soluble zirconiuwm is that portion of the zirconium that is
soluble in 1:4 hydrochleric acid held below its boiling point.

1.05 Heat Treatment
Table 1.05.
TABLE 1.05
Alloy ZK61A
Source &) ) 8)
Solution Age
Treatmem Temp| Time {Cool [Temp|Time
F hr F hr
T4 Solution(a) 930 5 ah_(b)
TS Artificial Age 300 | 48
TG As Cast + Solution{a)} 930 5 ah (b}| 265 43
+ Artificial Age
{a) Alternate solution: 90GF, 10 hr.
(b) a.b. - air blast
1.051 Effects of variations in heat-trexting conditions {solu-

Hon time, cooling method, and aging time) on the tén-
sile properties of chilled casting, Figure 1.051.

1.052 ZKB1A - F (a5 cast) also age hardens at room temperi-
ture, 10 months' aging resulting in properties equiva-
tent to those produced by the T5 heat treatment (6).

1.906
1.061

1,08

1,09
1.091

1,092

2.01
2.011
2.012

MgC

Effect of temperature on hardness, Figure 1.062,

Forms and Conditions Available

Produced primarily as sand castings; has been used to
a small extent as investment ¢astings; used in the T4
(solution-treated), TS (artficially aged), and TG (solu~-
tion-treated and artificially aged) conditions.

Melting and Casting Practice (TH8)(9)
ZK61A is melted in zas-fired or oil-fired crurible~

type furnaces. The same steel container should be
used for both melting and pouring because of the ex-
cessive losses of zirconium if the molien metal is
wransferred from a melting erucible to a casting eruci-
ble. Since losses of zirconium are greater when pre-
alioyed ingots are melted, most foundries start with
primary magnesium and add zinc and zirconium &t ’
about 1450F by plunging them below the surface of the
melt. Zinc i5 added as pure metal and zirconiem as a
magnesium-zirconiurm master alloy containing 30-50
percent zirconiwm or as zirconium tetrachloride salt.
Zinc losses are negligible, but zirconium recovery is
only about 10-50 percent, depending upon the foundry
conditions. About 3 pounds of erucible flux per 100
pounds of metal is used to prevent burning and to trap
impurities. This fux is a2 mixture of magnesium
chleride with various other chlorides and fluorides.
Sinee zirconium is an extremely effective grain refiner,
ne further grain refining treatments are necessary.
For pouring, the flux is skimmed from the melt, and a
mixture of sulfur and boric acid is dusted onto the suxr-
face to prevent burning. The normal pouring tempera-
ture is aboul 1425F. When the molten metal is held be-
low 1400F, zirconium settles out as an insoluble mat-
erial; above 1500F, however, the alloy tends 1o absorb
iron, which is a detrimenial impurity, from the cruci=
ble. During melting, therefore, the metal should be
brought to 1400F ag quickly as possible and held be-
tween 1425 and 1473 F until poured.

Special Considerations
the attainment of fine grain size and associated opti-

mum strength is highly dependent upon the amount of
soluble zirconium in the alioy as illustrated in Figure
1.091. This type of zirconiwm is in solid solution in
the alloy rather than distributed in metallic-particle
form. The maximurn attainable soluble zirconium
content is (.85 percent and the minimurs for accepta-
ble properties is about 0,60 percent (1), Good melting
practice and temperature ¢ontrol as discussed in
Section 1.08 are essential for the production of the
proper soluble zirconium content.

1t is essential in producing this alloy that all cquipment
and scrap metal be controlled to prevent contamini-
ton with aluminum, iren, manganese, and silicon.
These elements remove zirconium from the melt.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range. 985-1175F (8).

Phase changes. In the as-cast {F) condition, massive
magnesium-zine compounds oceur at the grain

Hardness
Hardness of sand castings in different heat-trcated con- MQ
ditions, Table 1.061.
TABLE 1.061 6 Zn
Alloy ZKE1A
Form Sand Cast o 8 zr
Source {1)
Condition BHN RE
F* 5B8-65 £5-70
TS 65-70 75-80 ZKG’A
T6 65=175 75-82
* As-cast

CODE

3409
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boundaries, and smaller magnesium-zine and zircon-
Mg fum-zine compounds form within the alpha magnesizm
grains, During selution treatment, most of the com-
6 in paunds go into solution in the alpha magresivm, and
they reprecipitate in finely dispersed form during ag-
0.8 ZIr ing (1), I heat-treated ZK61A {5 held at 250F and
above for extended periods, over-aging oceurs, during
which the precipitates zul &nd grow g a8
ZK6IA deserioration of mechanical preperties.
2.0121 Tim. perature-transf tion diagrams.
2.013 Thermal condectivitv. Tahle 2.013.
TABLE 2.013
Alloy ZKBlA
Form Castings
Source 8) 32)
Thermal Conductivity
Condition | Temperature, ¥ | Btu ft per (ft2 hr F)
T6 [:1] 63
All 212-570 51
2.014 Thermaf expansion. 14.5 x 10~6 per F from 68 to
212F {8).
2.015 Specific heat. 4.25 Btu per (b F) {appreximate) at
78F (13).
2.016 Thermal diffusivity.
2.02 Other Physical Properties
2.021 Denasity. 0.066 Lb per in3 (8},
2.022 Electrical properties,
2.0221 Electrieal conductivity. T6 condition: 27 percent
IACS conductivity.
2.0222 Electrieal resistivity. T6 condition: 2.52 microbhm -
inch at 65F {8).
2.023 Magnetic propertigs.
2.024 Emiitance.
2.025 Damping capacity.
2.03 Chemical Properties
ZK61A, like other magnesium alloys, corrodes in in=
dustrial, marine, and moist environments. For long-
time 2pplications under these conditions, therefore,
suitable surface coating is recornmended o protect the
metal end to insulate contact surfaces from galvanic
corrosion. Ceated parts are suitable for exposure to
all natural environroents except continuous immersion
in water (14)(15). For a discussion of galvanie cor-
rosion, see Code 3601, Section 2.9312.
2.031 Safety precautions should be directed to the prevention
of fires, burns, apnd explosions. (see HZ32A, Code
3408, Section 2.032)
2.04 Nuclear Propertieg
3. MECHANICAL PROPERTIES
3.01 Specified Mechanical Properties
Table 3.01.
TABLE 3.01
Alloy ZK61A
Form Casungs
Fry [Fry e
Type min | min[min
Specification | Casting | Cond Speci kst | ksi (2 in)
AMS 4444 A | Send TS | Separaté cast (single)| 39 |26 | &
@) Cut from casting 34 f24 | 3
(average 4 or more)
Cut from casting 30 2t 2
(single}
[ASTM B30~ | Sand
68 T8 | Separate Casi(single)| 39 {26 | 5
[ASTM B403- VESL- Tb | Separate cast (single) [40 [25
67 Taoent
cooE 3409

PAGE
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3.02 Mechanical Properties at Room Temperature
3.021 Tension.
3.0211 Stress-sirain diagrams, Figure 3.0211.
3.0212 Typical tensile properties, Table 3.0212.
TABLE 3.0212
Alloy ZK81A
Form Castings
Source (E)(16)(17)
Type Fy | Fy e
Castings Condition Specimen kai ksi J (2 in)
Sand F Separate cast 40 21 11
TS Separate cast 41,5} 28.56| 6.5
Té Separate cast a6 |30 10
T8 Cut from castngs| 41 29 3
Investment T8 Separate cast 44 29 10
3.0213 Effect of section thickness on tensile properties,
Figure 3.0213.
3.0214 Effect of end chilt on tensile propertics of cast plates
of two thicknesses, Figure 3.0214.
3.022 Compresaion
3.0221 Stress-strain diagrams.
3.0222 Compressive yield strength of castings in different
heat~-treated conditions, Table 3.0222.
TABLE 3.0222
Alloy ZKE1A
Form Sand Cast
Source 1)
Condition Specimen Fey-ksi
F Separste cast 18
TS 235.1
T8 25.2
3.023 Impact.
3.4251 Impact strength of castings in different heat-treated
conditions, Table 3.0231.
TABLE 3, 0231
Alloy ZKE1A
Form Sapd Cast
Source )
Charpy Impact, it lb
Condition Specimen V notch No noich
F Separate cast 3.5 20
™ 2.5 14
Té 3.5 15
3.02¢ Bending.
3.025 Torsion and shear.
3.0251 Shear strength for separate sand-cast test specimens
(1.
F comdition: Fgy = 24.5 ksi
TS condition: Fgy = 24.8 ksi
T6 condition: Fgy = 26.5 ksi
3.026 Bearing.
3.027 Stress concentration.
3.0271 Notch properties.
3.0272 Fracture toughness.
3.028 Combined properties.
3.03 Mechanieal Properties at Various Temperatures
3,031 Tension.
3.0311 Swress-strain diagrams.
3.0312 Effect of temperature on tensile properties, Figure
3.0312.
3.032 Compression.
3.0321 Stress-strain diagrams.
3.033 tmpact.
3.032 Bending.
3.035 Torsign and shear.
3.036 Bearing.
3.037 Stress concentration.
3.0371 Notch properties.
3.0372 Fracture toughness.
3.038 Combined properties.
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3.04 Creep and éreeg Ruptare Preperties
3.041 Effect of temperature on stresses to cause 0.2 percent
and 0.5 percent creep in 100 hours, Figure 3.041.
3.05 Fatigue Properties
3.051 Rotating bear fatigue strength of notched and smoath
specimens, Figure 3,051,
3,06 Elastic Properties
3.061 Poisson’s ratio.
3.062 Modulus of elasticity. All conditions: 6500 ksi (24).
3.063 Modulus of rigidity.
4. FABRICATION
4.0% Formability
4.02 Machining and Grinding
4.021 This alloy, like other magnesium alloys, has excep-
tionally good machinability, which enables il to be
marchined at high speeds and feeds {8)(14}{19)(see alse
HZ32A, Code 3408, Section 4.021).
4.03 Weiding
ZK61A has poor weldability in comparison with most
other magnesium alloys and is not recommended for
use in applications requiring appreciable welding.
When welding is required, helium-oy argon-gas
shielded arc tochnigues with tungsten or consumable
electrode and EZ33A filler metal should be used. A
Stress-relieving treatment of 500F for 5 hours is
recommended after welding (8)(13)(14){20).
4.04 Surizce Treatment
(8ee AMI10OA, Code 3509, Section 4,041 through 4.044)
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3.04 Creep and éreeg Ruptare Preperties
3.041 Effect of temperature on stresses to cause 0.2 percent
and 0.5 percent creep in 100 hours, Figure 3.041.
3.05 Fatigue Properties
3.051 Rotating bear fatigue strength of notched and smoath
specimens, Figure 3,051,
3,06 Elastic Properties
3.061 Poisson’s ratio.
3.062 Modulus of elasticity. All conditions: 6500 ksi (24).
3.063 Modulus of rigidity.
4. FABRICATION
4.0% Formability
4.02 Machining and Grinding
4.021 This alloy, like other magnesium alloys, has excep-
tionally good machinability, which enables il to be
marchined at high speeds and feeds {8)(14}{19)(see alse
HZ32A, Code 3408, Section 4.021).
4.03 Weiding
ZK61A has poor weldability in comparison with most
other magnesium alloys and is not recommended for
use in applications requiring appreciable welding.
When welding is required, helium-oy argon-gas
shielded arc tochnigues with tungsten or consumable
electrode and EZ33A filler metal should be used. A
Stress-relieving treatment of 500F for 5 hours is
recommended after welding (8)(13)(14){20).
4.04 Surizce Treatment
(8ee AMI10OA, Code 3509, Section 4,041 through 4.044)
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1. GENERAL 1.06
AM 100 A is an age-hardenable magnesium-base alloy,
which is used primarily for permanent-mold castings
because it has outstanding resistance to hot eracking.
It is also produced as investment castings. I the age-
hardened condition, it has medium strength and ductili-
ty At room temperature. [t maximumn use tetpperamre
should be limited to 350F sinre its strength deteriorates
rapidly at elevated temperatures. AM 100 A has de-
sirable foundry characteristies including excellent
fluidity and little tendency toward microporosity. It
has very good machinability and weldability. Like
other magnesium alloys, it should be protected from
eorrosion by chemical treatment followed by painting
when it is to be used for long Hmes in industrial envir-
onments or even for short dmes in marine environ-
ments, It is recommended for casting configurations
that can be economically produced in permanent molds 1.07
-- normally relatively high production of simple shapes.
it is also a desirable alloy for applications requiring
pressure tightmess or X-ray inspection. Specific
aerospace applications have included landing wheels,
magneto housings, rocker-box covers, and jet com-
pressor cases(1). 1.08

.01 Commercial Designation
AM 100 A

1,02 Alternate Designations
Al0, G.

1.03 Specifications
AMS 44554, 4483A

ASTM BS0~63, B199-65, B403-6T
Foderal Q@- M-55b
MIL~- M-46062A

SAE 502
1.04 Composition
Table 1.0+,
TABLFE 1.04
Allov AM 100 A
Compositien
Source AMS 4435A(2), 4453A(3);
ASTM B80-65;B199-68;B403-67]
Pereent
Element Minimum Maximum
Aluminurs 9.3 10.7
Manganese 0.19 -
Zine - 0.30
Silicon - 0,20
Copper - 0.10
Nickel - 0.01
Cthers (total) - 0.30
Magnesium Remazinder
1.95 Heat Treatment
Table 1.05.
1.051 Effect on tensile properties of aging time at various
temperatures after solution reatment, Figure 1.051. 1.09
1,091
TABLE 1.05
oy AM 100 A
Heat Treatments
Source (413}
Solution Age
fTemp | Time [Coal [Temp | Time
Treatment F hr [ 1)) ) hr
T4 Solution (a) 775 15§ J]a.b. - -
TS Artificial Age - - - 450 5
T6 Solution + artifical age|775 15 fa.b. | 450 5
TGl Solution + overage 75 i3 fa.b. | 400 § 24

(a) Alternate solution to prevent excessive grain grewth: ’ 1.092
775F 6 hr, furnace coal to 665F, hold 2 hr, reheat to T
773F, hold 10 hr, cool in air blast.

(b} a_b._--Air Blast

T 1970, Belfour Stulen, Inc.

Hardness
Hardness for permanent-mold and investment castings,
Table 1.06.

TABLE 1.06

AM 100 A

WSource 2) {6}
Hardness

Form Ceondition BHN Rg

Permanent-mold castings F(ascast) | 53 64
Permanent-mold castings T4 52 62
Permanent- mold castings T6 Go 72
Permanent-mold castingsi T61 0 81

Investment Castings T - 70-95

Forms and Conditions Available

Produced mostly as permarent-mold castings and o0 a
lesser extent as investment castings; used in the T4
{solutien-treated), TS (artificially aged), and TE
{selution treated and artificially aged) conditions. The
as-cast condition is designated as F.

Melting and Casting Practice (7)(8)

Melting practice for AM 100 A is the same as that for
magnesium-aluminum-zine casting alioys. Gas-fired
or oil-fired crucible-type furnzees and steel meldng
containers and casting containers are used, When
separate melting and casting crucibles are used, the
metal is melted uader “open-pet” Qux, which is used
in quantities of abowt 2 1b per 100 1b of metal in both
crucibles.

When the melting is dene in the casting crucible,
“erucible” flux is used ir guantities of about 3 lb per
100 1b of metal. Both fluxes are magnesium chlaride
mixed with various types and quantides of other
chlorides and flourides, The Qux prevents burning and
also raps impurities and settles them out of the melt
in the form of sludge. Foundrics usually buy AM 100 A
in prealloyed ingot form, but an alternate method is to
melt commercially pure magnesium and add he alumi-
num and manganese by immersing the pure metals in
the melt until dissolved. Melting losses are negligible.
Harmful geses, particularly hydrogen, can be removed
from the mell by chlorination. Chlorination ¢an be
effected either by bubbling chlorine through the melt for
from 5 10 15 minutes at about 1330F, or plunging tab-
lets of hexachlovoeihane or hexachlorobenzene into the
mel: ar about 1450F,

These wblets serve the additional funetion of grain
refinemem, which is very impeortant for the attajmument
of optimum properties. Alfernate methods of grain re-
finement are superhenting to 1675F and rapid cooling to
the pouring temperaturce, or plunging of lampblack inte
the melr at 1450F. For pouring, the fux should be
skimmed from the surface of the mell and burning prec-
vented by dusting on a mixture of sulfur and boric acid,
The pouring lemperature 1s normally about 1450F.

AM 100 A is subject to germination, which is the growth
of large ¢rvatlls in some locally siressed areas during
solution heat treatment.  Germination is very detri-
mental to mechanical propertics, reducing strengih by
as much as 50 perceni. The cenditions favoring germ-
ination are very line as-cast grains, internal siresses
such as oceur is chilled areas, complete solution of
grain-bourdry constituents, amd a selution temperature
above T30F. The usual methed for preventing germina-
tion is an interrupied solution shown as the alternate
sofution treatment in Table 1.05. This treatment re-
faxes the internal stresses (6) (9)-

Special care should be Laken in the preparation of AM
100 A to avoid contamination with 2irconium-contining
alloys, since such conturaination inhibirs responsc to
grain-refining treatments {7).

MqgC
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Ql

Mg
Al
Mn
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NONFERROUS ALLOYS

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range, 867-1100F (8).

Phase changes. An sutectic network of MgyjAlys
compound and the alpha magnesium-aluminum solid
solution forms at the grain boundries in as-cast AM
100 A, which bas matrix of alpha solid solution. Solu-
tion heat treatment dissolves the Mgy7Alyp in the alpha
phase. During aging heat treatment Mgy7Al)o com~
pound precipitates in a finely divided state, which can
form a “pearlite” or a fine Widmanstatten type of
strueture (1011}, Because of over-aging, during which
the Mg; Al precipitate coagulates and grows, the
mechanical properties of heat-treated AM 100 A deter-
iorate when the alloy is exposed to temperamures of
300F and above for leng periods {13).
Time-temperatre~transformation diagrams.

Therma! conductvity.

Table 2.013.

TABLE 2.013
Alloy AM 100 A
Form Castngs
Source 8} {12} (13)

peratre Thermal Conductivity
Condition F Bu-ft per (ftz—hr- F)

F (as cast) 68 29
T4 65 24
TG 68 34
T61 68 26
AlL 212-570 41

Thermal expansion. T6 and TGl conditions:
10-6 in per in per F from 68 to 212F (8) (3).
Specific heat. 0.25 B per {b-F) at 78F (14).
Thermal diffusiviry.

14.5x

Other Physical Propertes
Density. 0.065 Ib per in3 (8).
Electrical properties.
Electrical conductivity.

Table 2.0221,

TABLE 2.0221

Allov AM 100 A
Form Castings
Source (8) (15)
Electrical Conductivity
Temperature| Percent Megmhos
Condition F 1ACS per inchd
F 68 12 0.178
T4 [:1:1 10 0.148
L) 66 13 0.204
TEL [-1:] 15 0.221

Elecirical resistivity (8)(15).

F condition: 5.64 microhm - in at 68F

T4 condition: 6.77 microhm - in at 68F

T6 condition: 4.90 microhm - in at 65F

Te! condition: 4.53 microhm - in at 68F

Magnetic properties.

Emittance.

Dzamping Capacity. At a2 stress equal 10 0.1 Fpy, the
specific damping capacity of AM 100 A - F (as-cast)
is 4.0, which is a medium level in comparison with
other mapnesium alloys (18).

Chemical Properties

In industrial environments, AM 100 A corrodes at a
rate equivalent 10 most of the other commercial mag-
nesium alloys. Hs resistance to corrosion in marine
cnvironments, however, is generally the poorest of all
the commercial magnesium alloys (18). The resistance
t0 marine envirsnments can be markedly improved by
controlling impurity contents to the following maxirgum
levels: irom 0.002 percent, nickel 0.00i3 percent, and
copper 0.08 perceni (17). However, these low impurin
levels are normally not practical under production con-
ditions. With proper surface coating, the alloy can be

RELEASED: JUNE 1970

used in all natural enviromments except continuous im-
mersion in water {15)(19). For a discussion of galvanic
corrosion, se¢ Code 360%, Section 2.0312.

2.032 Safety precautions should be directed to the prevention
of fires, burns, and explosions. {see HZ32A, Code
3408, Section 2.032)
2.04 HNuclear Properties
3. MECHANICAL PROPERTIES
3.01 Specified Mechanical Properties
Table 3.01.
TABLE 3.01
lalloy ANIW A
Form Castings
Fm F, e
Type E tmin |min | min
Specification [Casting 0 Specimen ksi [ksi [{2 in)
AMS 4483A(3r”'ierm Mold|T6 |Separate casi(single) |34 JI5 3
Cut from casting 25.513.5] 1
{avg 4 or more)
Cut from casting 17 1o -
{single)
AMS 44553A(2) |Investrnent|T6 |Separate cast (single) [34 [20 4
Cut from casting 25.5/11.5] 1

{avg 4 or more}

Cut from cuﬁng(sigﬂ% 17 9.5 | ~
ASTM B193-68[Perm MoldiF |Separate cast (single) |20 f10 -
T4 34 |to 6
T6 34 is 2
T61 34 |17 -
ASTM B403-67[Investment|F  |Separate cast {single) |20 Ji10 -
T4 34 |10 [}
T6 34 |15 2
T7 34 |17 -
ASTM Bso-w T6 ¢Separzte cast (single) [35 [17 -
3,02 Mechanical Properties at Room Temperature
3.021 Tension.
3.0211 Stress-strain dizgrams.
3.0212 Tensile properties of permanent-mold castings, Table
3.0212,
TABLE 3.0212
Alloy AM 100 A
Form Castings
Source 18} {13) (14} (5)
Type o F_ e
Castings Condition Specimen ksi ksri) {2 in)
Permanent mold F Separate Cast 24 16 1
T4 39 14 10
T6 3% 20 2
T61 38 22 1
Permanent mold F Cut from castings| 20 11 2
T4 35 12 9
Té 35 16 4
TE1 36 19 1
TS 22 16 2
3.022 Compression.
3.0221 Stress-strain diagrams.
3.0222 Compressive swrength of permanent-mold castings,

Table 3.9222.
TABLE 3.0222

Alloy AM 100 A

Form Permanent Mold Cast

Source (1) 23) (14) (3}

Condition Specimen Fry» K81
F Cul from ¢astings 1
T4 12
T 16
TGl 19
TS 16
F Separate cast 12
T4 13
6 16
T61 22

© 1970, Belfour Stulen,
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3.023 Impact.
3.0231 Impact strength of permanent-mold castings, Table
3.0231.
TABLE 3.0231
|Attey AM 100 A
Form Permanent Mold Cast
Source 1) (13) (18)
Charpy Impact - I1 lb
Condition Specimen Keyhole Noich | No Nowch
T4 Separale ¢zst . .0 -
F Cul from casting 0.6 2.6
T4 2.0 17.2
T6 - L0 4.6
Té1 ., 0.7 -
3,024 Bending.
3,025 Torsion and shear.
3.0251 $hear strength of permanent-mold castings, Table
3.0251.
TABLE 3,0251
Alloy LAM 100 A
Form Permanent Mold Cast
Source (1) (23) {5)
Condition Specimen Fgy ~ kst
F Cut from castings 15
T4 20
TG 21
TE1 22
F Separate ¢ast 17
T4 1%
TG 21
T61 22
3.026 Bearing.
3.0261 Bearing strength of permanent-mold castings, Table
3.0261.
TABLE 3.0261
Alloy AM 100 A
Form Permanent Mold Cast
Source {14}
(e/D = 2,5)
Condition Specimen Eﬂ,ksi I-‘bry,ksl
T4 Cut {rom castng 69 45
TG1 81 &8
3.027 Stress concentration.
3.0271 Noteh properties.
3.0273 Fracture toughness.
3.028 Combined properties.
3.03 Mechanical Properties ai Various Temperatures
3.031 Tension.
3.0311 Stress-strain diagrams,
3.0312 Effcct of temperature on lensile properties in T4
(solution-treated) condition, Figure 3.0312.
3.0313 Effect of temperature on tensile properties in TG
{solution- treated and aged) condition, Figure 3.0313.
3.032 Compression.
3.0322 Stress-strain diagrams.
3.033 Impact.
3.0331 Effect of low temperatures on Charpy V-netch impact
cnergy, Figure 3.0331.
3.034 Bending.
3.035 Torston and shear.
3.036 Bearing.
3.037 Siress concentration.
3.0371 Notch properiies.
3.03492 Fracture toughness.
3.038 Combined properties.
3.04 Creep and Crecp Rupture Properties
3.05 Fatigue Propertics
€ 1970. Belfour Stulen. Ine.
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Fatigue atrength for permanent-mold castings, Table
3.051.
TABLE 3.051

Bource

1]

oy

AM 100 A

[Form

Permanent Mold Cast

Method

Fatigue Strengtheksi
Sireas Ratiol Stress at Cycles

A [ R |Concenuration|Condition| 10P 10

oiating
ending

@ -1 Smooth 16 12
K =1

Notehed
Ke=2

F

T4

TS 16 1
F

T4

I8

3.06

3.061
3.062
3.063

4.03

4.04
4.041

4.042

4.043

Elastic Properties

Poisson's ratio, all conditions: 0,35 (14).

Modulus of elasticity, all conditions: 6300 ksi (14).
Modulus of rigidity, all conditions: 2400 «si (E4).

FABRICATION
Formability

Mzachining and Grinding

This alloy, like other magnesium alloys, has exceptlion-
ally good machinability, which enables it 1o be machined
at high speeds and feeds (6)(8)(15). (see HZ32A, Code
3408, Section 4.021)

Welding

This alloy can be readily joined by gas-shielded (helium
or argon) arc-welding techniques with either tungsien
or consumable electrodes. Recemmended filler metals
are AZ61A or AZ92A. A post-weld stre: 5 relief of
500F for 60 minutes followed by air cooling is required
to prevent possible stress-corrosion cracking in the
wald area. The use of rigld jigs is sometimes neces-
sary during stress relief to prevent warpage of the
welded parts. The stress-relief treatment will not
develop maximum joint strength. For maximum
strength, solution-and-age treatment given in Table
1.05 is necessary except that solution time should be
reduced to 1/2 hour at 725F in order to prevent germi-
nation of the weld metal (4)(8){A5)(21){22). The alloy
can also be resistance welded, but resistance welding
is generally not suitzble for jeints that are criteally
stregsed or subject to vibration or fatdgue. Gas weld-
ing is not recommended (15)423)-

Surface Treatment

The producing foundries normally chrome pickle the
castings prior to shipreent to proiect them from corro-
sfon and tarnish during shipment and storage (2)(3)
(ASTM B&0-58, B199-68, B403-67). A suiwable alter-
native is to oil with 2 light corrosion-inhibiting oil N3
The following surface treatments, which have been
developed for magnesium alloys, can be applied to
AM 100 A to provide 2 good paint base as well as some
degree of corrosion resistance (15){24):

1, Chrome pickle, MIL-M3171A - Type I

2, Dichromate, MIL-M=31714 - Type 3

3. Galvanic anodize, MIL-M-3171A - Type 4

4. Sealed chrome pickle, MIL~-M-31T1A - Type Z

5. Anodize, MIL~-M-45202

6. Dilute chromic acid, MIL-M-3171B

7. Stannate immersion

3. HAE ancodize, MIL-M-45202 {(ORD}

9. Flouride anodize
10. Iridite No. 15

The anodize and HAE processes are foremeost in
adherence , abrasion resistance, corresion resistanec,
and heat resistance; they form an excellent base for
paints and are stable to the melting point 0f magnesium.
For optimum corrosion resistance, the above surface
weatments should be followed by painting. The paint
should have good resistance to alkali, singe highly

MqC
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Al
Mn
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alkaline environments are produced at the cathode dur-
ing corrosion. One of the best paint systems is an
epoxy-polyamide primer with 2 topcoat of polyurethane.
Viny! paints are available that are superior to pheénolics
for coating magnesium. However, the epoxies are
more highly favored because of sheir excellem: resist-
ance to alkalis (15)(24).

With suitable surfzce pretreatments, high-quality elec-
trodeposits of most metals can be applied. Two pre-
treatments--zinc-immersion and electroless-nicket
processes--are used. The zinc-immersion process
deposits a thin layer of zinc sujtable {or 2 copper flash,
after which any type of electroplate can be applied. The
electroless-nickel process deposits nickel to serve as
finish surface or as undercoat for other types of
eleciroplate (13)(24).

I !
AM 100 A
INVESTMENT CAST
0.252 IN DIA BARS

450, 425, 373, AND 325F F

PERCENT

4507 ]

0 § 19 1% 20 25 |

Mg
10 Al
Ol Mn
AM 100 A *%*
45
40
33
w3 30
25
20
FIG.
COdE 3410
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AGING TIME - HOURS

1.051 EFFECT ON TENSILE PROPERTIES OF
AGING TIME AT VARIOUS TEMPERATURES
AFTER SOLUTION TREATMENT. {20)

ALLOYS RELEASED: JUNE 1970
T 1
AM 100 A
40 PERM MOLD CAST T
h-NNc:)hmlnox T4
30
5 Fry
'
20
"-..__\‘
10
Fry
0 20
/ﬁ =
— 1 g
e(2 INCHES) £
[-%
0
-200 0 200 400 60
TEMPERATURE - F
FIG. 3.0312 EFFECT OF TEMPERATURE ON
TENSILE PROPERTIES IN CONDITION
T4 (SOLUTION- TREATED). a3}
o T T
~ AM 100 A
SAND CAST
CONDITION TS
30 <
F
\ TV
w20 i N
x
\ ;
Fry
10 \‘
\ \\'
L] N 100
e{2 INCHES) g
50 i3
[
=1
w
LB [}
-200 Q 200 100 600 800

TEMPERATURE - F
FIG. 3.0313 EFFECT OF TEMPERATURE ON TENSILE

PROPERTIES IN CONDITION TG (SOLU TION-
TREATED AND AGED). a4
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3.5 r . .
AM 100 A
PERM MCGLD CAST /‘
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FIG. 3.0331 EFFECT OF LOW TEMPERATURES ON

CHARPY V-NOTCH
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GENERAL

This nonheat treatable magnesium allay is widely pro—
duced and used in wrought form because it has good
mechanical properties along with excellent formability.
Iis strength detcriorates rapidly with increasing temp=
eratures; 350 F {s the maximum temperature at which it
should be used. It has good weldability by inert-gas-
shielded-arc techniques and also by resistance spot
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welding.

1.01 Commercial Designation
AZ31B.

1.02 Alternate Designagion
AZ3L

1.03 Specifications
Table 1.03.

TABLE 1.03
Alloy AZ31B
Forms Specifications
AMS 4375 F (O Condition)
AMS 4377D (H24 Condition}
Sheet and AMS 4376C (H26 Condition)
plate ASTM B0
MIL~ F-46048 (Tread plate)
MIL~T-38749 (Tooling plate)
Federal QQ-M-44b
SAE 510
ASTM B107
Federal @Q-M-31b {rods, bars, shapes)
Extrusions | Federal WW-T-£252 (mbes)
SAE 510
ASTM BSL
Forgings Federal Q@- M-40b (1)
1.04 Composition
Table 1.04,
TABLE 1304

Alloy AZ31B
Source [IGIED (4)(5)(6)

‘Pereent Percent

Element Minimum Maximum Minimum | Maximum

Aluminum 2.3 3.8 2.5 3.5
Zine Q.7 1.3 0.6 1.4
Mangancse 0.20 - 0.20 - -
Silicon - .10 - 0.10
Copper - 0.05 - ¢.05
Calcium - 0.04 - 0.04
Nickel - 0.005 - 0.005
Iren - 0.005 - 0.005
Others, total - 0.30 - 0.30
M i Balanee Balance

1,03 Heat Treaument{7)

1.05% Full anneal, QO condition: 650F ! hr, air cool.

1.052 Partial annedl after strain hardening to H24 or H26 con-
ditions, H26 indicating a slightly higher degree of cold
work: 300F, 1 hr, air ¢col.

1.053 Stress reliel after welding and after ferming: for mat-
erial in O and F conditions, 500F 15 min, air coel; for
material in H24 and HZ6 conditions, 300F 1 hr, air cool.

1.06 Hardness (8)

1.061 Extrusions, F condition: BHN 49

1.062 Forgings, Fcondition: BHN S5

1.07 Forms znd Conditfons Available
‘Table 1.907,
TABLE 1.07 Mg
Alloy AZ31B 3 Al
Source {9
Form Condition Thickaess = inches | Zn
Flat sheet and O (fully annealed) | 0.010 to 3.000
late
nﬁr sheet and Hzd (strain hard- AZ3IB
plate ened and partially 0.010 to 3.000
annealed)
Flat sheet and H26 (strain hard-
plate ened and partially 0.0i6 to 2,000
anneal ed)
Coiled sheet O 0.032 to §.250
Coiled gheet H24 0.032 to 0. 250
Tocling plate - 0. 250 to 6. 000
Extrusions F (as extruded} -
Forgings ¥ (a5 forged) -
1.08 Melting and Casting Practice
AZ31B, as well as other magnesium alloys for wrought
preducts, are normally melted and alloyed in steel
crucibles under flux in gas=fired or oil-fired furnaces
and cast into {ngot molds up to about 28 inches in dia-
meter.
1.09 Specigl Considerations
1.091 Material in the H24 and H26 conditions loses reom temp-
erature strengtk as a result of exposures io lempera-
tures above 300F, the time required for strength deter-
foration decreasing with increasing temperature. The
maxizaum exposure times at various temperatures with-
out deterioration of room temperature properties arc
shown in Table 1.091.
TABLE 1.091
Alloy AZ31B
Condition 124
Source (10)
Madrum Time| Temperature
migutes F
0.3 500
1 433
2 410
3 395
4 388
5 370
¢ 360
30 345
60 325
2, PHYSICAL AND CHEMICAL PROPERTIES
2.01 Thermal Properties
2.011 Melting range. 1120-1170F {11).
2.012 Phase changes. None.
2.0121 Ti:ne-temperaturc-iransformation diagrams.
2.013 Tiermal conductivity, Figure 2.013.
2.014 Thermal expansion, Figure 2.014.
2.015 Specific heat, Figurc 2.015,
2.016 Thermal diffusivity, Figure 2.018.
2.02 Cther Physical Propertics
2.021 Density, 0.0642 Ib per cu in (9).
2.022 Electrical properties, Table 2.022.
TABLE 2,022
Alloy AZILB
Condition T, Hia, O
Source 19}
Electrica] Conduetivity Electrieal
Temperature - F[percent | megmhos | Resistivity
1ACS per in3 mierohm in
68 18.8 0.276 3.82
100 18.2 0.268 3.74
200 16.8 0.247 4.06
300 15.8 0.232 3.31
400 4.4 ¢.212 1.73
500 13.3 0.197 5.08
CODE 3601
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2.023 Magnetic properties, nonmagnetic. b, Suitable protective treaiments are applied.
Mg 2.024 Emittance, Figure 2.024. ¢. Adevice is used Lo increase the resistance of the
2.025 Damping capacity. Al a stress equal to 0.1 Fl)’ the galvanic cell,
3 Al specific dampisg capacity is 6.5, which 15 a medium d. The galvanic cell {s inkibited by chemical means.
level comprred with other magesium alloys {15},
| Zn Generally, the copper tontaining aluminum alloys are
2.03 Chemical Properties not compazible with magnesjum nor arc these containing
2.031 Corrosion resistance. high amounts of iron impurity. Mild steel, siainiess
AZ3IB 2.0311 AZ31B, like other magnesium alloys, is subject to cor- sieel, dtanium, copper, monel, and similar materials
rosion (Figure 2.0311) and associated loss of strength are not compatible and will corrode magnesium zlioys
{Table 2.0311) in industrial, marine, ard moist environ- galvanically. Some dissimilar metals considered 1o he
ments. With sultable surface treatment and painting, patible with mag alloys are high purity alumi-
it performs satisfactorily in all types of natural envir- num and alloys 5052, 5053, 5056, 6061, and 6063 (8){7)
onments with the exception of continuous immersion {n 2.0313 AZ31B and other magnesium alloys are subject to stress
water (17). corrosion in afr, fresh water, sea woter, and many
other salt solutions. The threshold stress, rate of
TABLE 2.0311 crack growth, and time to failure vary widely with the
Alloy AZ31B environment. AZ31B sheet in the H24 and H26 conditiox
Source (17) are more resistanc than the anncated material. Stress
Original Percent change after| relief after forming and welding is very important in
Surface Properties 4 years in industrial minimizing stress-corrosion cracking (18)(19).
Condition | Treatment Fpy e(2 in) abmosphere 2.032 Safety precautions should be directed to the prevention
ksl percent | Fy, e(2 in) of Gres, burns, and cxplosions (see HZ32A, Code 3408,
¥ nene 51.6 11.8 =15 -16 Section 2.032).
¢} none 36.0 22.2 -19 -15
H24 none 41.3 27.2 -13 -25 2.04 Nuclear Properties
H26 none 44.1 i2.7 =17 - 45 -
H26 chrome 45.2 9.5 =17 =37
pickle
3. MECHANICAL PROPERTIES
3.61 Spegified Machanical Properties
Table 3.01.
TABLE 3,01
Alloy A231B
Thickness or : Specimen Fiu F‘Y-ksi e(2 in} Fcy-kel
Condition; Form Source Diameter - in Ori i ksi min in min
0.016-0.060 32-40 18 12 -
0.060-0.500 tension not 32-40 15 12 -
o sheet and 1) 0.063-0.249 specified, - - - 12
plate 0.24%-2.000 compression - - - 10
0.500-2.000 longitudinal 32-40 15 10 -
2., 000-3,000 32-40 15 9 8
Fy~ksi
min
0.015-0.249 39 29 6 -
0.063-0.249 tension not - - - 2%
H24 sheet and @3} 0.249-0.374 specified, 38 26 8 20
plate 0.374-0.500 compression 37 24 B 16
0.500-1,000 longitudinal 38 22 8 13
1.000-2.000 34 20 § 14
2_000-3.000 34 18 g ]
0.250-0.374 tension not 39 27 6 22
0.374-0, 438 specified, - - - Zl
0. 438-0.500 compression - - - is
0.3740.500 longitudinal 38 26 L] -
H2é sheet and {2) G.500-0,750 a7 25 6 17
plate 0. 750-1.000 a7 23 L] 16
1.000-1.500 35 22 € 15
1.500-2.000 35 21 G 14
up to 0. 249 35 21 T -
extruded bars, 0.250-1.499 35 22 T -
rods, and {6} 1.500-2.499 longitudinal 34 22 7 -
shapes 2.500-4.999 32 20 7 -
extruded tubes 0.028-0.250 a2 16 8 -
F  |laad hollow shapes{ (6) 0.251-0.750 Longimudinal a2 16 4 -
forgings 7} ali Tonginrdinal 34 19 [ -
2.0312 Magresium alloys, in general, have the highest electro- 3.02 Mechanical Properties at Room Temperature
negative potential of the common structural metals, and 3.021 Tension. R
they exhibit only a2 slight tendency 1o polarize znodically 3.0211 Siress-strain dizgrams (see Figures 3.03111, 3.03112,
in salt solutions. As a resuit, AZ31B as well as other and 3.93113).
magnesium alloys in electrical contact with other metals 3.0212 Effect of thickness on tensile properties of sheet and
can suffer severe palvanie corrosion {n moist environ- plaze, Figure 3.0212,
ments unless one or more of the following preventive 3.0213 Effect of exposures at clevated temperatures on tensile
measures are taken: properties at room temperature of sheet in H24 condi-
tion, Figure 3.0213.
a, A dissimilar metal with galvanic compatability with 3.0214 Effect of rolling temperature on the tensile propertes of
magnesium is selecied. sheet rolied 10 20 pereceat reduction, Figure 3.0213.
CoDE 360l
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3.0215 Effect of rolling temperature on the tensile properties of
sheet rolled o 40 percent reduction, Figure 3.0213.
3.0218 Typical tensile properties of extrusions in F condition
in section sizes up to 5.0 inches
Fiy = 38,0 kst Fty = 28.5 ksi ¢(2in)=14.5 (9).
3.0217 ‘Typical tensile properties of forgings in F condition
Fry=38.0ksi Fy=28.0ksi e(2in)=9.0 (9).
3.0218 Tensile properties at various locations in brake wheel
forging in different conditions, Table 3.0218.
TABLE 3.0218
Alloy AZ31B
Form 20.5 lb Brake Wheel Forming
Source {21
Condition Test Location Fry-ksi Fm-ksi e(2 in)
1 Rim Tangential 25.9 [ 39.3 18.0
6 Center Tangential 23.7} 38.1 18.4
As hot forged 2 Radial 21.1| 37.8 18.0
3 Radial 24,5 38.2 16.6
4 Center Vertical 14,8 | 35.9 18.0
5 Rim _Vertical 17.1 | 36.2 11.6
1 Rim Tangential 29.0 | 40.6 16.6
6 Center Tangential | 27.2 | 41.4 17.6
Hot forged and cold 2 Radial 28.4 | 40.5 16.¢
finished 3 Radial 23,3 | 38.8 15.2
4 Center Vertical 21.7 | 37.2 12.2
5 Rim Vertical 17.9| 36.3 9.2
1 Rim Tangential 30.0 | 39.7 14,0
. 6 Center Tangential 24.8 | 38.7 16.0
Hot forged and aged 2 Radial 23.8 | 38.3 13.0
43 hours at 300F 3 Radial 23.9 | 36.7 9.0
4 Center Vertical 15.1 | 38.7 5.0
3 Rim Vertical 20.4/34.6 | 4.0
1 Rim Tangential 25.5 | 39.9 15.0
Hot forged, cold 6 Ccn'Ler Tangential 29.8 | 39.7 15.0
finished, and aged 2 md 25.} 40.3 15.0
48 hours at 300F 3 Radial ) 26.7 | 37.7 8.0
4 Center Vertical 20.4 | 36.1 14.0
3 Rim Vertical 18.0 | 34.0 8.0

3.0219 Effect of orientation and forging reduction on tensile
properties of roll forged rings, Table 3.0219.
TABLE 3.02i9

Alloy AZ3I1B

Condinon F

Form Roll Forged

Source (22)

Forging
Specimen Reduction Fio - ksi FlY - ksi e(2 in)
Orientation | percent percent

20 3z 24 9

Tangential 40 36 26 il
60 37 27 11
20 34 15 12

Axdal 40 34 20 12
60 36 23 12
20 32 g 11

Radfal 40 36 9 13
60 39 12 15

3.0225

3.0228

3.023
3.024
3.025
3.0251
3.0252
3.0253

3.028
3.0261

3.0262

3.03111
3.03H12
3.03113

3.0312

3.0313

3.0314

3.0315

3.0318
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Qompression.
Stress-strain dizgrams (sec Figures 3.03211 and Mg
3.02212).
Effect of thickness on compressive yield strength of 3 Al
shect and plate, Figure 3.0222.
Effect of exposures at elevated temperstures on com- | n
pressive yield strength at room tempersture of sheet in
H24 condition, Figure 3.0223.
Typical compressive strength of extrusions in F condi- AZ3IB
tfon in section size up 0 3.0 inches
Fey=14.2ksi (9).
Typiczl compressive strength of forgings in F condition
Foy o l2ksi  (9).
Effect of orientation and forging reduction ¢a compres-
sive strength of roll forged rings, Table 3.0226.
TABLE 3.0228
Allay AZ31B
Condition . F
Form Roll Forged
Source (22)
Specimen Forging Re- Fc
QOrientation jdugtion - percent ksF
20 12
‘Tangential 40 12
60 12
20 11
Axial 40 11
60 11
20 14
Radial 40 14
50 18
Impact {see Figure 3.0331).
Bending.
Toraion and shear.
Eifect of thickness on shear strength of sheet and plate,
Figure 3.0251,
Typieal shear strength of extrusions in F condition in
sections up to 5.0 inches: Fgy @19 ksi  (9).
Typical shear strength of forgings in F condition:
Fsu=19ksi (9).
Bearing.
Effect of thickness on bearing properties
of sheet and plate, Figure 3.0261.
Typical bearing (e/d = 2.5) properties of extrusions in
F condizdon in sections up to 5.0 i hes: Fyy, = 36 Ksi
Fpry = 34 ksi {8).
Typical bearing (e/d = 2.5} properties of forgings in F
condition:  Fyp, = 70 ksi Fypy = 36 kst (9).
Stress concentration.
Natch properties.
Fracture toughness,
Combined properties.
Mechanical Properties ai Various Temperatures
Tension.
Siress-strain dizgrams.
Effects of elevated teroperature exposure on Siress-
strain curves for shect in O condition, Figure 3.03111.
Effects of elevaied temperature exposure on siress-
strain curves for sheet in H24 condition, Figure 3.03112
Complele stress-strain curves at low temperatures,
Figure 3.03113.
Elevated temperature tensile properties of sheet in
H24 conditicn after various exposure tmes from one
half 1o 000 hours at temperature, Figure 3.0312.
Low temperature preperiies of sheel tensile specimens
in H24 condition, both unweided and with gas tungsien
arc butt welds transverse to the gage length, Figure
3.0313.
Effects of temperature on tensile properties of sheet in
H24 condition at rapid strain rates aflter rapid heating
and short holding times a1 temperaiure, Figure 3.0314.
Effects of sirain rate on tensile properties of sheet in
H24 condititn at various temperatures, Figure 3,0315.
Effects of strain rate on tensile propertes of sheet in
O condition at various temperatures, Figure 3.0316.
CODE 360l
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3.0317 Effects of strain rate on tensile properties of extrusions
Mg in F condition at various temperawures, Figure 3.0317.
3.0318 Low temperature tensile properties of extrusfons and
3 Al sheet, Figure 3.0318.
3.031¢% Elevated temperature tensile strength of extrusions,
| Zn Figure 3.0319.
3.032 Compression.
3.0321 Stress-strain diagrams.
AZ 3B 3.03211 Effect of elevated temperature exposure on stress-
strain curves in compression for sheet in O condition,
Figure 3.03211.
3.03212 Etffect of clevated temperature exposure on stress-
strain curves in compression for sheet in H24 condidon,
Figure 3.03212.
3.0322 Elevaied temperature compressive yield strength,
Figure 3.0322.
3.033 Impact.
3.0331 Charpy impact properties at low temperatures, Figure
3.0331.
3.034 Bending.
3.033 Torsjon and shear.
3.0351 Effcct of temperature and exposure time on shear
strength, Figure 3.0351.
3.036 Bearing.
3.0361 Effects of temperature and expesure ime on bearing
properties, Figure 3.0361.
3.037 Stress concentration.
3.0371 Notch properties.
3.0372 Practure toughness.
3.038 Combined properties.
3.04 Creep and Creep Ruplure Propertics
3,041 Total creep strajin curves for sheet in O condition,
Figure 3.041.
3.042 Total creep strain curves for sheet in H24 condition,
Figure 3.042.
2.3 Total creep sirain curves for extrusions in F condidon,
Figure 3.043.
3.044 Short time towl sirain curves at 300 1o §00F for sheet in
H24 condition, Figure 3.044.
3.05 Fatigue Properties
3.051 Fytigue strength of extrusions and sheet, t'able 3.051.
TABLE 3.051
Source {32)
Form (2) Extrusions (b) Sheet
Condi- | Temp Stress Stress Fatigue Strength = ksi
ton F Method | Ratio Concen- at Cycles
A | R |iratien 109 1 106 | 107 | 108
(a) F RT Rot [+ 4] -1 |[Smooth |23 w0 |2} to| 18 to]| 17 (o
heam K =1 29 26 23 21
(b) O Rev @ | =1 jAsrolled18to {1510} 14 o| -
bend 22 17 16
(b} H24 19t F16to | 14 to| -
25 20 17
{a} F RT | Direct [0.60 | 0.25 [Smooth |23t f22t0] 20 to| -
siress Kg=1 28 25 24
(b} 0 As rolled|20 to | 19to |18 to| -
24 22 21
(b} H24 As rofled|22 to | 20 to| 19 10| -
27 23 23
Source {33)
{1) H24| RT Rot -] -1 {Smooth |24.3 22 19 -
-320F| beam Ky=1 [32.7 28 23 -
RT [Notched |14 10 g -
-320F K234 [16.5 12 10 -
3.052 Stress-range diagrams for sheet in the O and H24 condi-
tons, Figure 3.032.
31.053 Qress range diagram for forgings at 90 percent survival
level, Figure 3.033.
COUE 360
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Elastic Properties

Poisson's ratio. 0.35 ().

Modulus of clasticity, Figure 3.062.

Modulus of rigidity. 2.4 x 10° ksi.

Tangent modulus curves in eompression for sheet in O
condition, Figure 3.064.

Tangent modulus curves in compression for sheet in
H24 condidon, Figure 3.065.

FABRICATION

Formabiiity.

AZ31B is one of the most formable of the magnesium
alleys., The methods and equipment uscd are the same
type commonly used [or other metals. Like other mag-
nesium alloys, the room iemperature [ormability of
AZ31B is limited 10 relatively mild deformation around
generous radii. B becomes very workable ai elcvated
temperatures, optimum formability being achieved at
temperateres above 400F. The formability at 400 to
GOOF is 3¢ {mproved that more severe working is pos-
sible in this temperature range, in most operations,
than in most other metals at room temperature. In
order to prevent deterioration in strength during hot
forming operations, it is importan: not to exceed es-
tablished temperature limits as given in Table 4.911.
Siress relieving, as given in section 1.053, i5 recom-
mended to reduce residual stresses induced by eold and
hot forming {7H3H10){37)(38).

TABLE 4.011

Alloy

AZIB

Source

(37K10)

Condi tion

Max Forming ] Max Time at

Form Temp - F ‘Temp - hr

Sheer and
plate

W24 | 300+ I

0 Sheet and
plate

330 1

£ Extrusiens 550 1

* Higher lemperafures may be used with shorter maxi-

mum times at iemperature as shown in Table 1,091

Machining and Grindin
‘This alloy, like other magnesium alloys has exceptrion-

ally good machingbility, which enables it to be machined
at high specds and feeds. For further details, see
HZ32A, Code 3465, Section 4.021.

The alloy ¢an be chem-milled with sulfuric, nitric, or
by hydrochloric acid of 5 percent strength or greater
(39).

Welding
AZ31B has excellent weldability by arc and electrie~
resistance metheds. In are welding the arc should be
shicldcd with argon or heliwm gas, and cither tungsten
or co: sumable electrodes may be used. AZ92A and
AZB! \ magnesium alloys are suitnble filier mewls.
Electric-resistance welding methods that may be used
include spot, seam, and Oash welding. Spot welding
is used to the greatest extent. Joining methods other
than spet welding should be used in applications that in-
volve vibrating stresses. Fuslon welded, riveted,
bolted, and adhesive bonded joints all have fatigue
strength superior to spol welded joints. Welded parts
ghould be stress relieved in accordance with the proge-
dure in section 1.053 for the following reasons: (91(40)

a. to prevent siress corrosion cracking

b. w0 obtain a stress-frec assembly

c. to facilitate sizing and straightening

d. to provide dimensional siability
Some properties of welded joints are shown in Figure
3,0313.

Surface Treament

The various wrought products are normally oiled by the
prodecer with a light corrosion inhibiting oii for protec-
tion during shipment and storage {11{2}{3}.

See HZ32A, Code 3405, section 4.042 and 4.043.
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NOTE: Data are based on the lowest strength orien-
taticn whether longizudinal or transverse.
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MARCH 1965 NONFERROUS ALLOYS
1. GENERAL 1.055 Recrystailization temperatures. S50F, 1 hour, Increase
AZA1A is a non-heat treatable wrought alloy which is after 20 percent reduction, (19). Mg
readily extruded and doe$ nol respond to age-hardening
heat treatment. Its strengih increases and its ductiliry 1.06 Hardness [} Al
decreases at low operation temperature. Toughness,
cold formabilicy, welding 2nd machining characteristics 1.07 Forms and Conditions Availeble | Zﬂ
are good, aithough the material has a tendency to harden The alloy is available in extruded rods, bars and sclid
when cold worked. The alloy should not be used above shapes as well as exauded hollow shapes and tbing,
400F. Caorrosion resistance is geod. AZ61 is primarily forgings acd welding rod, (2)(3X5). AZGIA
a general purpose extrusion and forging alley with
medium strength for use at room and slightly elevated 1.08 Melting and Casting Practice
temperatures, {3}10). 1.081 Casting temperature. 1200 10 1300F, (10).
L.01 Commercial Designation 1.69 Special Conaiderarions
AZS1A,
2. PHYSICAL AND CHEMICAL PROPERTIES
1.02 Alternate Designation )
Dowmetal J1. 2.01 Thermal Propertics
2.011 Melting range. 977 to 1145F, (5)10).
1.03 Specifications 745F is minimum “burning" (liquation} temperature, (10).
Table 1.03. 2.012 Phase changes
20121 Time-temperature-transformation diagrams
TABLE1.03 2,013 Thermal conductiviry
AMS Form ASTM | Federal | Foreign At 212 1o 570F, 46.0 Bru per ft (hr sq ft F), (10)(7).
4350F Extrusions (SAE 520) - QQ-M-31|BS 1354* At 212 to 570F, 48.4 Bru per ft {hr sq ft F), (3).
43584 Forgings (SAE 530) | B 91- 63 [QQ-M-40|BS 1351* At RT, 33,9 Btu per ft (hr sq ft F), {9).
Extruded bars, rods and | B 91-63 - - 2.014 Thermal expaosion
shapes B107-631QQ-M-31 - At RT to 212F, 14.0 x 10-6 in pex in per F, (3X7).
Extruded tubes B217-63|WW-T-82 - AtRT 10 212F, 14,5 x 10°0 in per in per F, (5).
- o lazy = At RT to 750F, 16.0 x 106 in per in per F, (3X5).
* British 2,015 Specific heat
** German At RT, .25 Bru per 1b F, (3}{10X13).
2,016 ‘Thermal diffusivity
1.04 Cemposition
Table 1.04. 2.02 Ocher Physical Properties
. TABLE 1,04 2,021 Density
(Souzce (D2 15 )8 At RT,‘ 0,065 1b per cu in, 1.8 gr per cu cm, {3X9H10X13).
Percent Percemt 2,022 Electrical properties
Min Max Min | Max At RT, ¢.92 micz:ohm-ln. (3X9)(10)13).
‘Alum inum 5.8 7.2 5.8 7.2 2.028 Magnetic properties
Copper N 0.05 - 0.0% The} al!o?v s non-magnetic, (9).
ron _ 0.005 _ 0. 005 2.024 mess_u'uy )
Manganese 0.15 B 0.15 N 2,025 Damping capacity
s I Bt 28 Chemen roperc
Zine 0. 40 1.5 0.40 l1.5 2.031 AZ614A is corrosion resistant to attack by most alkalis,
Qiher impurities, numercus organic chemicals, concenirated hydroflueric
total - 0.30 - 0.30 acid and solutions of the alkali metals arsenates,
LiMagpesium Balance Salapce fluorides, chromates and dichromates. It is susceptible
to stress corresion. Moist alr increases the amount of
surface artack due to the presence of chlorides, especially
in marine atmosphere noticeable by the formation af a
105 Heat Treatment thin gray oxide film. Fk does not corrode in dry air, (3).
1.051 Anneal 650F, (10). Resistance to corrosion decreases with increasing 2mounts
Stress relief anneal. S00F. of capper, nickel and iren, {10).
Full anneal. 650F,
1.05]11 Sheet. 500F, 15 minutes. 2,04 Nuclear Properties
1.0512 Hard rolled shee:. 4060F, 1 hour.
1.0513 Extrusions and forgings. S500F, 15 minutes. 3. MECHANICAL PROPERTIES
1.052 Conrdition F. 450 10 550F, ! hour.
1.053 Shoriness temperature. Above 780F, 3.01 Specified Mechanical Properties
1.054 Hot working temperature, 450 to 750F, (10), 3,012 AMS-specified properties, Table 3.011.
TABLE 3.011
Source {1} {2y
Allov Mg-6a1-120
Forgings
Form Extrusion (Barg, rods apd shapes) Die | Hand |
Copditign As pxtrided As forged "
Hollow shapes
Thickness=in 0,250 0,250 to 2,500 2,500 ro 4. 499" all wall thicknesses
Fuu min-ksi 38 40 38 36 3 38
Feen min-ksi 20 24 22 16 2244 22
e,r?'Zin)min-percem 8 9 S 7 - -
e, (40} -percent - - - - L] 6
M Not over 25 square inch
**  No minimum values
cobE 3603
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3.012 Design mechanicat properties for alloy in Condition F,
Mg Table 3.012,
TABLE 3.012
6 Al |[[Source @
Atloy Mg-6Al-12Zn
| Zn Extruded bar, rod |Extruded
Form and Hollow |Extruded
spli apes shapes tubes [Forgi
AZ 6l A Condition F
0,250 to 0.028 to
| Thickness - in Z0.249 | 2.499 0.750
Feg ksl 38 39 36 36 38
-ksi? - - - - -
Foyr “ksi 21 24 16 1% 2
ksih - - . - -
Fcy' -ksil] 14 iq 11 1 14
-ksi 7| - - - - -
Fow ksi | 19 19 - - 19
Fpru -ksi
(e/D=1,5} 45 45 - - 50
(e/D=2.0} 35 59 - - 60
Fim -ksi
fofb-1.5 28 2 - - 28
(e/D=2.0) 32 32 - . 32
e, -percent 8 9 7 7 6
.02 Mechaanical Properties at Roomn Temperature
3,021 Tension
3.0211 Stress-sirain diagrams
3.02111  Stress-mrain curve for forgings is teasion, Fig. 3.02111.
3,02112  Stress-strain curve far extruslon In tension, Fig, 3.02112.
3.0212 Mechanical properties at room temperature for bars,
rods and shapes, Table 3.0212.
TABLE 3,0212
[Source )
Allgy Mg-6AI-1Zn
| Foxm Bars, rods apd shapes |
Copdidon E.
0.7%0tw | 1.500to | 2.500 to
Thickness - in ___|= 0.250 1,499 2.49% 5. 000
Fryr typ-ksi 4% 45 45 45
b rzlq’:n-ksi 38 40 ;{3) ;ﬁl
Feys kst 3 33
ié [n):}i)n-ksi 20 24 24 22
e{2in)ryp-percent i7 16 16 15
min-percent 8 10 10 7
Feyr typ-ksi - 19 19 21
min-ksi - 14 14 é;
Fobru. -kei 65 68 58
pr g]i:n- ksi 56 56 56 56
Fhrys 1yp-ksi 38 41 4l -
bry rr):?nvksi 30 32 32 -
Feus typ-ksi - 20 20 -
min-ksi - 18 18 .
Hardness,
BHN - 60 60 -
3.0213 Typteal mechanical properties at room temperature for
press forgings, extruded bars, rods and shapes, extruded
tubing and hollow shapes, and sheet, Table 3.0213.
TABLE 3.0213
< {10}
Alloy Mg-6A1-1Zn
Form Extzuded |Ext tubing,
Press bars, rods, hollow Sheet
Eorgings shapes shapes
Candition
Thirkn=ss - in Not griven
Fw typ-ksi 43 45 41 44
Fry typ-ksi 26 33 24 32
e, typ-percent 12 16 14 8
Hardness,
BHN * EH 60 50 -
RE 66 72 &0 -
Fsu typ-ksi 21 20 - .
Fey typ-ksi 18 19 16 22
Fhru **  typ-ksi . 63 - .
Fhey*" typeksi - 41 - -
*  500-kg load, 10 mm ball
** 3/16 in pin diameter
cobE 3603

PAGE 2

3.022 Compression
3.0221 Stress-strain diagrams.
3.02211 Stress-strain eyrve for forgings in compression, Fig,
3,02211.
3.c2a12 Stress-strain curve for extrusion in compressien, Fig.
3.02212.
3,023 Impact
3,024 Bending
3.025 Torsion and shear
3.026 Bearing
3.027 Stress concentration
3.02771 Noteh properiies
3.0272 Fracture toughness
3.028 Combined properties
3.03 Mechanical Properties at Varigus Temperatures
3.031 Tension
3.0311 Siressestrain diagrams
3.0312 Effect of low temperanire oo tensile properties of
excrusions, Fig, 3.0312.
3.0313 Effect of low and elevated temperature on rensile
properties of extrusions, Fig. 3.0313.
3.0314 Effect of room and elevated temperature on tensile
properties of extrusions, Fig. 3.0314. -
3.0315 Effect of room and elevated temperature and exposure
on tensile properties of exrrusion, Fig, 3.031S5,
3.0316 Effect of room and elevated temperature and straln rate
on tengile properties of extrusion, Fig. 3.0316.
3.Q317 Typical and minimum mechanicsl properties of alloy
in Condition F, Table 3.0317.
TABLE 3.0317
Source 3
Alloy _Mg-6A1-1Zn
Form Extruded rods, bars [Extruded hollow shapes
and sclid shapes and tubine
Condition F
Thickness - in Not given
Fm- typ-ksi 45 41
min-ksi 40 38
Frye typ-ksi 33 24
min-ksi 24 16
e, (2in)1yp-percent 16 14
min-percent. 10 7
F:y, typ-ksi 19 16
min-ksi 14 13}
Forw typ-ksi 68 .
Fory typ-ksi 41
Harn)i,ness.
BHN-typ 60 50
RE _-0yp 72 50
3.032 Compression
3.0321 RXress-strain diagrams
3.033 Impact
3.0331 Elfect of low and room temperature on impact strength

3,034
3.035
3.036
3,037
3.0371
3.0372
3.038

3.04

3,041
3.042
3.042
3.044

3.05

3.031
3.052
3.053
3.054

of extruded bar, Fig. 3.0331.
Bending

Torsion and shear

Bearing

Stress concemration

Noich propetties

Fracture toughness

Combinedt properties

Creep and Creep Rupture Properties

Creep curves at 200F for extrusions, Fig.
Creep curves ai 250F for extrusions, Fig.
Creep curves at JOOF for extrusions, Fig.
Creep curves at 350F for extrusions, Fig,

3,041,
3,042,
3.043.
3.044.

Fatigue Properties
5-N curves for bar in Condition F, Fig. 3,0851.

$-N curves for plate in Condition F, Fig. 3.052,

3= curves far plate in Condizion F, Fig. 3.053,

Stress range diagram for extrusions in Condition F, Fig.
3.054.
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3.06
3.061
3,062
3,0621

3.0622
3,083

4.01
4.011

4.012

4,013

4,02
4,021

4.03
4.031

4.04

4.05

Elastic Properties
Polsson’s radio. 0.35, (5)9).
Modutus of elasticity
Medulus of elasticity, 6.5 x 103 ksi, (3)(5K9).

6.3 x 103 ksi, {7,
Compression modulus of elasiicity, 6.3 x 103 ksi, (7).
Modulus of rigidicy, 2.4 x 108 k=i, (7)(9).

FABRICATION

Formability | see also 1.053 and 1. 054,

Most forgings are made from extruded forging stock at

a temperature of 500 to 900F and can be forged to any
shape by pressing. However, they should not be hammer-
forged, (3).

Cold working requires special care, since the marterial
tends to harden, (3).

‘When sharp bends are required, heating of the work and
toal$ {s recommended, (3).

Machining and Grinding
This alloy has excellent machining characteristics. High

cutting speeds, large top and side rake and chip
clearance are recommended.
HSS lathe tools for reugh cutting require the foltowling:
8-10° front clearance
g-10° side clearance
10-15® top rake
5-15* side rake
15-25° cutting edge angle
The same machining characteristics with a stightly
reduced top rake apply approximately for forming toots.
Although dry machining is normally used for mill and
lathe operations, mineral oil is recommended for fine
cuts or to avoid distertion by heating. Water soluble
oll or warer coolants should not be used. The life of
high speed tools equals the life of carhide tipped tools
when machining other metals. However, in larger
production carbide tipped tools should be preferred.
Sipce the material does not drag or tezr an excellent
surface finish ¢an be achieved.

Welding
Hellum or inert-g:s arc welding. The atloy ¢an be arc

welded producing a high strength with a 89 percent joint
efficiency by using either helium or izert gas. Spet
welding characteristics are excellenz. Residual siresses
in welded parts should be stress relieved, Post stress
relief, 500F, 15 minutes. Gas welding should be fimited
because of corrosion difficulities caused by ertrapped
flux. The flux must be removed by immersion in hot
water followed by a chrome pickle and boiled 2 hours

in 5 percent sedium dichromate selution. Inert-gas
wngsten arc joint tensile sirength = 40 ksi and elongation
of 8 percent (2 in). Flash wetding can be used in high
production welding and yields a joint efficiency of 85 to
95 percent, a weld strength of about 36 to 42 ksi and an
elongation of about 4 to & pertent (2 in), (3X11).

Heat Treatment

Post stress relief, S00F, 15 minutes, See Section 4.03,
Stress relief anneal, 500F. Residuzl stress is relieved
by applying the above heat treatment. See section on
welding, (311}, This heat treatment is necessary in
order to avoid stress corrosien, (9).

Surface Treatment

NONFERROUS ALLOYS

KSI

MgWN

0
Mg-6Al-1
FORGING Mg
6 Al
32
L~ I Zn

/ AZ6lA

24 ‘/

TENSION|

0,004 0. T 012
STRAIN-IN PER IN

FIG. 3,02111 STRESS-STRAIN CURVE FOR

FORGINGS IN TENSION

(9, p. 55}
50 v
Mg-6A1-1Zn
EXTRUSION
40
i /
30 /
g 2
10
[TENSION
]
1] 0. 004 0.008 0.012

STRAIN-IN PER IN

FIG. 3.02112 STRESS-STRAIN CURVE
FOR EXTRUSION IN
TENSION 9, p. 49

CODE 3603
PAGE 3




MgWN NONFERROUS ALLOYS MARCH (968

60

32 v Mg-6Al-1Za
M Mg -6A1-12a . EXTRUSION
g FORGINGS o P oD F
6 Al ! 50
24 )
1 Zn p L
4 —/’ g ool
AZGlA = 16 /1 b, ra
= A (10) r
30
8
COMPRESSION
20
0y 9,003 6.008  0.012 .
STRAIN - IN PER IN E L
43
FIG. 3.02211 STRESS-STRAIN CURVE g 10 v
FOR FORGINGS IN COM- % -
PRESSION 9, p. 533 8 P
o2 IN)
0
-400 -300 -100 Q
TEMP - F
FIG. 3.0312 EFFECT OF LOW TEMPERA-
TURE ON TENSILE PROPERTIES
OF EXTRUSIONS
©. p. 187) {10, p. 1108) (12)
50 Mg-6A1-1Zn
EXTRUSION
40
\ Fru
Mg-8Al-1Zn \:
EXTRUSION 30
25 @
o
[ - 20
20 . ©
'/ a4 (1) Fry
a3
10
15
a
. 0
10 8o |
E (2 IN)
o
0
5 g r
G
COMPRESSION P —
1 0
0 0,002 0.008  0.012 -200 0 200 400 600 500
STRAIN - IN PER IN TEMP - F
FIG. 3,0313 EFFECT OF LOW AND ELEVATED TEMPERA-
.3 STRESS-STRAIN CURVE .
FIG. 3.02212 FOR Efol‘}s,g“N ,gﬂcm_ TURE ON TENSILE PROPERTIES OF EXTRUSIONS
PRESSION (9, p. 50) (3. p. 1) (20, p. 1108) (13, p. 593)
CODE 3603

PAGE 4




NONFERROUS ALLOYS

MARCH 1965
Mg-6Al-1Zn
' 3/4 IN DLA EXTRUSIONS
——y COND F
0o
Fry
“ f\\
-
x O pETR
SHEET
. ) Fry
a2
10 <%
\n
o
&0 -
= ¢
7
g w
0
0 200 200 600 800
TEMP - F
FIG. 3,0314 EFFECT QF ROOM AND ELEVATED

TEMPERATURE ON TENSILE
PROPERTIES OF EXTRUSIONS

{4, p. B
s Mg-6Ai-12n
** EXTRUSION
A
Fru
30 .
- W\e
17
¥4
20
F:y\l\
10
30 MIN EXPOSURE
. | [
0 200 400 &00 800
TEME - F
FIiG. 3.0315 EFFECT OF ROOM AND ELEVATED

TEMPERATURE AND EXPOSURE ON
TENSILE PROPERTIES OF EXTRUSION
4, p. 236)

MgWN

30

20

10

KSi

Mg-6A1-12n
mgcrausmw’ Mg
N COND F 6 Al
'\‘k\ I Zn
W F
i‘\\,\} b AZ 6 A
‘wWh
kN \
STRAIN RATE :
— 5.0 \\\‘\

- —0.50

.%
—---u:os IN/IN/MIN ‘;:\\'

7
ruf

200 400 600 800 1000
TEMP - F

FIG. 3.0316 EFFECT OF ROGM AND ELEVATED TEMPERA-
TURE AND STRAIN RATE ON TENSILE PROPERTIES

OF EXTRUSIONS - (8, Tel. OD)
5 (WMESATTZ:
EXTRUDED BAR
COND F / By
4
E CHARPY v
3 |
S
= 45",
I+
A4
2 j
[ 0.500 0.39 ]
48
re0,01
L —) 0 100
TEMP - F
FIG. 3.0331 EFFECT OF LOW AND ROOM

TEMPERATURE ON IMPACT
STRENGTH OF EXTRUDED
BAR (13, p. 594)

CoDE 3603

PAGE 3




MgWN

NONFERROUS ALLOYS

Mg-6Al-1Zn
EXTRUSION
20 e T
T~ - \
e
-
.
Y
_—_— ~
AZ6IA 10 =
S
8 o
— .
(- a— oS
-
g
4 it
e 1R '\\.
- —0.5%% CREEP ~.
0w 200F|
..... 0. 1%,
2
1 10 100 1000
TDME - HR
FIG. 3.044 CREEP CURVES AT 200F FOR
EXTRUSIONS (4, p. 236) (13)
2 Mg -6Al-1Z1]
~— \ EXTRUSION|
-~ -
L.
.
10 I N
. ~ F
. ~. I ‘\\\250
., ~
1. “
ﬁ .
— - \ .
¥ T ~
4
'~ N,
\_ ~
N
,|l—m= N
— —0.5%
g CREEP \
.15 \
\
, ) \
1 10 100 1000
TME -HR
FIC. 3.042 CREEP CURVES AT 250F FOR
EXTRUSIONS (4, p. 236)
coDE 3603

PAGE 3

K81

20

MARCH 1965

Mg-6A1-1Zn
EXTRUSION

=038

10
T

100 1000
E - HR

FIG. 3.043 CREEP CURVES AT 300F FOR

K51

EXTRUSIONS

(4, p. 236)

20

Mg-6A1-1Zn
EXTRUSION

10

350F
N

10 100
TIME - HR

FIG. 3.044 CREEPCURVES AT 350F FOR
EXTRUSIONS (4, p. 235){13)



MARCH 1965 NONFERROUS ALLOYS MgWN

20
60 WMg-5Al-1z0 Mg-64l-1Z0 M
1z EXTRUSION 9
COND F N
© : 2 sl | 6 Al
> % N
Y, ¥ ~ - ! Zn
o / 9 L — 105, 10
5 = ST io*
"4
20 . E 10 - < } AZ6lA
. O 2 N DRECT
ZZZ6 E . STRESS
< N\
ROT BEMD R = -1.0 A *
1 £ A
104 10° 106 107 2 ‘\
NUMBER OF CYCLES o 0 5 D
FIG. 3.051 5-NCURVES FOR BAR IN CONDITION F » ®
. 5 15 MEAN STRESS - KSI
FIG. 3.05¢ STRESS RANGE DIAGRAM FOR
EXTRUSION IN CONDITION £
(14}
R NPT
o ' COND F
o
[
z; JR— ]
zZ .t "
10 PLATE BENDING
i R=-1.0
10t 108 108 107

NUMBER OF CYCLES

FIG. 3.052 S$-NCURVES FOR PLATE IN CONDITION F
{6, p. 16)

REFERENCES

AMS 4350F, (November 1, 1954)
AMS 4358A, (July 1, 1947)
"Magnezium AZSLAY, Alloy Digest, Mg-43, (August 1959}
"Report an the Elevated -Temperature Properties of
Aluminum and Magnesium Alloys”, ASTM Special Techa.
Publication No, 291, (Qctober 1960)
5 "Magnesium Alloy AZ61", North American Aviation, Inc,,
AL-2004, (Octaber 30, 1957)
6 Hyler, W.5. amd Lyon, F,H.,"Materials-Property-Design
Criteria for Metals”, WADC 55-150, Part 3, {August 1956)
7 "Metallic Materials and Elements for Flight Vehicle
Structures”, Depr. of Defense, MIL-HDBK -5, (August
1962} !
8 “Effect of Testing Speed and Temperature on the Mechan-
Y ical Properties of Some Magnesium Alloys”, The Dow
20 —e Chemical Co., Code 2.52, (June B, 1959}
9 "Magresium Design”, The Dow Chemical Co., (1957}
. (5 10 "' Properties and Selections of Metals”, Metzls Handbook,
— Vol. 1, ASM 8th Edition, (1961)
11 " joining Magnestum”, The Dow Metal Products Co,, {1961)
10 12 “Low Temperamre Properties of Various Magmesium
10% oS 106 107 Allays”, The Dow Chemical Co.. Gade 2.43, (April 17,
NUMBER QF CYCLES s 31_953) R " o Second Ed
1 ipten, C.R., Jr., "Reactor Handbook", ond Edition,
FIG. 3.055 S-NCURVE FOR PLATE IN CONDITION F Vol. I, Materials, (1960) lnterscience Publishers, Lid.

&%, p. IT(D) 14 ORDP 20-303, (1956)

N e

Mg-6Al-12Zn
COND F

K5l
Y

cobE 3603

PAGE T







REVISED: MARCH 1963

L GENERAL
This alloy is a member of the aluminum apd zinc contain-
ing family of heat treatable magnesium castag alloys. It
has maximum ductility and an intermediate yield streogth,
ard it is used up to about 300 F in various conditions of
heat reaument. It is available in form of sand acd perma-
nent mold castings, This alloy is inferior to other castng
alleys in regard to porosity and pressure tightmess. The
weldability of this alloy la infertor to that of most cagting
alloys. *
1.0l Commercial Designation.  AZ 63 A,
L@ Aberpate Designativns, Dow Metal H, Mazlo AM-265
(vbnolete).
103 Specificadons,  Table L, 03.
TABLR 1.03
AMS Form Federal
4420G Sand castings (F Condition)
4422H Sand castings (T4 Condition) QQ-M-56a
4424 F Sand casungs (T6 Condition)
- Perrnanent mold castings QQ-M-55a
1, 04 Composition. Tabie 1. 04,
TABLE | 94
@tzﬁ ams (1) (2 (3)
Percent
Min Max
5.3 6.70
2.5 3.50
0.15 -
- 0.30
- 0.10
- 0. 010
- 0,30
Balance
1,05 Heat Treatment
1.051 Stress reficl after welding, 500 F, { hr.
1,052 Solution treat P Condition to T4 Condition, 720t 730 F,
12 hr, rapid air cool, (5,p.8)
10%3 Age
1053  F Coodition to TS Condidon. 490 te 510 F, 4 hr, (5,p. B).
L0532 T4 Conditlon to T6 Condition, 415 to 435 F, 5 hr, (5, p. 8).
1,054 Heat and reheat reatments after welding F, T4 or T6 Con=
ditions, see 4,03,
L.06 Hardenabiiity. Hardens fully io all section sizes on rapid
air cooling and subsequent aging.
107 Forms and Conditions Available
L7 Alloy is availzble in the full commercizl range of sizes for
sand and permanent mold casdogs.
1L.072 Caeongs are avallable in F, T4 and T6 Condidonas. They
can &lso be supplied in TS Condidon on special Tequest,
1,08 Melting and Casting Pracdce, Stacdard magnesium alloy
meldng aad casung praciice, see 4. 0L
.09 Special Considerations
Lo% Seress rellef 15 réquired after welding to prevent stress
cracking.
Lo92 For aolution ¢reating an atmesphere containing at leasat
0. S percent sulfur dioxide is required.
2, PHYSICAL AND CHEMICAL PROPERTIES
z.0 Thermal Properties
2,00 Melting range. 685 to 1135 F.
2,012 Phaas changes, Alloy is subject to precipitation,
2.013 Thermal conducovity, Tabie 2,013,

NONFERROUS ALLOYS

MgC

TABLE 2.013

Squrce (4) Mg
Alloy AZ 63 A i
Form Sand cast 6 A
Condition E T4 TS T5 3 zZn
Thermal cond l

Bru it per{hrsgft F)| 34.1 30.2 317 35.3 Z 63A

A

2.014 Thermal expansion. See AZ 31 B.

2.5 Specific heat. 0.25 B per (b F).

2,016 Emissivity. Sees AZ J1 8.

2.017 Dimenslonal changes on exposure of castings to elevated
temperawres, Fig. 2,017,

2,02 Other Physical Properites

2,021 Density. 0. 0656 ib per cu in. 1.81 gr per cu cm, (8).

2,022 Blectrical resistivity, Teble 2,022,

TABLE 2. 022
Source (4)
Form Sard and permanen: mo'd castings
Caondition F [ T4 | T35 ] 16
Temp - F Electrical resistivity, micrehm in
RT 4.8 5.5 4.33 4.65
100 4,91 - 4. 45 4.76
200 5.23 - 4.8 5. 08

2,023 Magnetic properties. Alloy is aonmagnetic,

2.03 Chemical Properties, See AZ 31 B also.

2.03 Corrosion resistance of Mg=Al-Zn casting alloys is slight-
ly inferior to that of zirconium containing casting alloys
and also o that of all wrought alloys.

2,032 Paint protection is advised where service in excess of & few
years in induscrial atmesphere is desired or generally for
thin sections.

2.033 Exposule to marine and seawater atmosphere requires &
pretective coating.

2.04 Stress conrrogion may occur after welding unless stress
relieved.

2,04 Nuclear Properties, Sec AZ 31 B.

3. MECHANICAL PROPERTIES

3,01 Specifled Mechanica) Properties

3.oll AMS specified and producers’ minimum mechanical prop+
erties, Table 3.01l,

3.2 Mechanical Properties at Room Temperawre. See 3. 03
also,

3.021 Typical mechanical properties for alloy Ln varicus condi-
tons, Table 3,021

_JABLE 3 021
| Source Dow (5 p- 6)
Alloy AZ 63 A
1 Condiglon E L% 13 I
| ksl 2% 40 9 40
. ksi 14 13 14 19
e(? n), percent 6 12 4 5
oy i 14 13 14 19
bru’ ({1
(e/D=2,0} 60 -1 60 75
Fh’,. kst
te/D=2.0) 40 “ 0 52
wur ksl 18 18 19 21
Hardness,
BN 50 33 55 3
RE 39 66 ) 83

3,022 Effect of exposure to ¢levated temperatures on tensile
properties of sand cast west bars in Té Condidon, Fig.
3,021,

3,023 Yield strength in compresston of cast magnesium alloys is
essentially the same as that in wasion.
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Mg TABLE 3,011
Source ) AMS (2} I | AMS (3)
6 Al Dow (6} | © | O w (6) |
[ Altay AZ 63 A
3 Zn Form Castings
| Condwuon E 14 IS I6
AZ 63 A Cast From Cast From Caltingz_s Cast Case From Castngs
Spectmen type gt castings test Avg Stngle test test Avg Single
tas Avg ) ba s {a} specimen bars bars {a) specimen
Fyopy min - ksi 24 18 34 5.8 17 24 34 25,5 17
min - kst 10 - 10 10 Ll 16 14.5 12
e (o), min - percemt | 4 1 7 .75 2 3 0.75 -
Fry. mia - kel 10(by - 10(b) - . 11 16(b) - -
Fm. min
(«/D=1.5) - | 350 - 36(b) - . 50(b) - -
(¢/Do2.0) - kst | SO(b) - $0(b) . 50 65(b) - -
Fpey. mta
€/D=1.5) - | 28 - 32() - - 340b) - -
(e/D=2.0) - xsl | 300} - 36(b) . 30 45(b) - -
Fyy, mia - L6gb} - 17(b) . 17 19(b) - -
Hardoess, BHN
(300 kg, 10 mm)
- min - 40 - 4B - - &5
- max - - - &0 - - 83
{a) Avenge values for at least 4, preferably 10, specimens
(&) Dow only
3.03 Mechenical Properties at Various Temperatures 4. FABRICATION
3.031 Short Ume temsion properties
3.031 Stresa strain ¢urves for sand cast test bars in T4 Condition 4,00 Forming and Casring
st Toom and elevated temperatures, Fig. 3. 031, 4,00 The production of magnesium alloy castings necessitates a
3,0312  Stress strain curves for sand cagt test bars in T6 Condition variery of special measures.
at voom aad elevated temperatures, Fig. 3.0312. 4.0 Melting and alioying is performed in cast or welded low
3.0313  Effect of exp and test p ¢ an tensile proper- carbon steel pots. Nickel containing ateel is not permis-
ties of sand cast test bars. Fig. 3.0313. sible because of plekup of aickel.
3032 Short dme propertes other thaz ténsion 4.0U2 The metal is melted and kept under a special flux cover.
3,0321  Etfect of test temperature ou bearing propertes of sand Moisture should be avoided. Flux, sulfur powder, sand or
cant test baxs, Rig, 3, 0323, a apecial powder (GI) are used to prevent and extinguish
3.0322 EHecr of test empérature on shear strength of sand caat fires.
test bars, Fig. 3.0322. 4.0L3 The melding sand contains sulfur as an ingredient.
3.0323  Bffect of low test temperature on lmpact strength of sand 4,004  Design of magnesium castings should allow generous lillews
cast vest bars, Pig 3,0323, end avold abrum secton changes dus to high aensirivity m
3,033 Smuc etress concentration effects notching.
3,033 Effect of stress concentration on notch strength ratio of 4,012 Good castings should posseas about 90 to 95 percen: of the
sand cast test bara, Flg. 3.033L tensile and yield srrength valu=sa of the separately cast
st bars Af the secdon thickness does not exceed 1 1/2 in.
3.04 Creep and Creep Rupture Properties Specifications usually require that specimens cut from ac-
3.042 Total strain curves for sand caet teat bars in Té Coadition tual sections should average 75 percent mintmum of the
a1200 o SO0 F, Pig. 3.04L test bar values.
4.013 Castng temperatures for this alloy are as follows. Sand
3,905 Fatgue Properties castings 1350 w 1550 F. Permanent mold castings, 1200 o
3.051  Room temperanire fatigue gth, Tabie 3,051 1500 F. Remelt ingots, 1200 w 1300 F.
4.014 The casmbility of this alloy is inferior to that of the other
TABLE 3,05} Mg-Al-Zn alloys since it has @ greater tendency to form
Source [ microshrinkage azd pr eu is more difficuit
Form T80 ChsL T8l Bass @ abain.
Comd | Metiod :z;" é‘:::‘ Farigue Sc::“'lh - ki 4.02 Machjning properties of cast magneaium alioys are the
0 i at Cycles same as those of wrought alloys, see AZ 31 B.
alp Justton | 505 | job | 107 | joB
F Rot | @ -1 { Smooth {15 to 18112 to I5{10 to 138.5 10 12 5.01 Welding, Sez AZ 3! B also,
T4 beam Kel (85102316 to 21|14 o E9)13 1o L7 4,03 Genexal, ‘Although castings io this alloy can be repaired
T6 17 to 20015 10 1 ’12 1o 14L! 1o 1S by fusion welding, using AZ 63 A or AZ 92 A welding rod,
134 Direct D.H.P.ZS SmoothR2 10 25 R0 o 231820 21 - it is considered diffieult to weld, It is inferior in chis re-
T4 suens Xmj to 2721 o 24{18 o 21| - spect m the other Mg-Al-Zn casting alloys and connider -
T8 l LoJUE:mZGLJwIS - ably ioferior to alloys conmining rare earths or thorium as
major alloying elements. Castings may be repaired, pre-
052 verage e e g o s vons s re- e R e p A e
verse bending for sand cast test bare, Fig. 3.052. used for field repairs, Preheating should precede welding,
. apd héat reatment should be preferably performed after
:::1 %izy 6,500 kai, (12). welding. Stess retief {8 pot required if the castng is
3. 062 Modiilus of rigidiy, 2 4(')0 ka1 (;2). welded in F Conditon and subsequently solution treated.
3,063 Polescn’s ratto, 0. 35"“2’_ ' 4,032 Heat treating and reheat treadng after welding, Table
3,064 ‘Tangent modulus curves (n tension and Sempreselon for 4.032,
sad castings, Fig, 3.064.
CODE 340!
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TABLE 4,032
| Saurce (5. 0.76)
AZ 83 A
Condition Heat treatment
w
betare | amer | e o] ater welding®
elding "7 PT*"avd RAC] Aging
F T4 Alt 72010730 -
AZ 63 A | Sections 10 hr
¥ T6 425F, &#
Thig sod
-, 725 1o 7T3SF] -
4, To| T4 AZ :: Al eatraized 39:. I
Te, T6| T6 }az92a ';‘,;‘““ H25E, Shr
-

Heating trom S00F up should be at 150F par hr maxtmum

** 50y, stmosphere no* recutred far 72% to 735F, 30 min

4,082

o

104 IN PBR IN
-

Cw

DIMENSIONAL CHANGE

He #5d Heat Trea

Castings {n this and other Mg-Al-Zn alloys are usually
loaded lnm the furcace at 509 F and brought w the solution
treating tempernture withio about 2 hr at a waiform race.
Heating at 750 F or higher abouid be petformed in an air
atmoaphere containing i/2 perceaz minimum sulfur dioxide,
An exceprion see Table 4. 032

Support is required on solution wreating thin sections.
Rapid air cooling after solution usuaily requires fans.
Overheating vesulting in tocal meltng and firea should be
prevented, For extiiguishing firen the furnace ahould be
equipped with an inlet for borontrichloride or borontri-
Auoride.

Surface

Castings can generally be surface treated in the asme man-
DeT a8 wrought products,

Cleaning and pickling of sand it ly
of hiast cleaning, acid pickling and chrome pickling, to
provide surface px: ton during ship apd £
Chrome pickle is alsc used as a paint base, although other
treatments may be specifind,

Mg-6AL-32a
CASTINGS
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p 000
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|2~ :/ HR EXPOSURE
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TEMF - P

PG, 2.017 DIMENSIONAL CHANGES ON EXPOSURE OF
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NONFERROUS ALLOYS

MgWT

1. GENERAL 1.07 Forms and Coaditions Avallable Mg
This heat ble magnest ! -zinc alloy'ls one 1,070 BT cxgusioas 260 logiogs are avallable Lo all commer-
of the stroages: alloys for torgings snd salid exousions for clal slzes for magnesium alloys, Al
service up to 300 P. It ts avallablc in various conditiona 1,072 8olid extrusions are avatlable (o the B and TS Conditdons . 85
Ir has Umitad ductilicy at (oom tempemrure, [ is difficault 1.073 Forgings are avallable (o the P, TS and T6 Coodifiens. 05 Zn
16 forge and Us use, th , Limi W press Ioaging at
u alow mte, Welds in this alloy requite stmmss relief, 1.08 wm Cugeg Pactce, See AZ J1 B, Az 80 A
1,01 Commercial Destgrsdon. AZ 80 A. 1.0% %J_&ﬂ See AZ 31 B alao,
1.091 fress & required atoer farming and welding to preven:
Lo Alpemate Des . AZ B0 X, Dowmemml 0-1, Mazlo smeas cmcking.
AMC 385 i-T; ouaazgl'). 1.092  Forging this alloy 15 difficulr.
1.03  Speclficanions. Table 1.03.
2, PHYSICAL AND CHEMICAL PROPERTIES
1,01 Themmal Properties
A orzAm 2,011 Melting range, 800w 1115 F,
or Cond -M - 40 2.012 Poase changes. Alloy is subject 1o precipt
B ) = 2,013  Thenmal copdustiviry. 29,0 Bm ft per (ar sq ft F).
2,014 Thermal expansiona, See AZ 31 B.
2,015  Speclfic heat. 0,25 B per (ib F).
1.04  Compositco. Tehie 104 2,006  Thermal diffusivity, 1.08 sq fx per br,
2,02 Other Poysical Properties
Touree TABLE L. 04 M5 {1 2.021 Density. 0, 0049 1b per cu in, 1.80 gr per cu ean.
xczm ig:sz &:cu:lml resistvity, 5,71l microhm in,
Min Max 2. gonedc properdes. Aloy is nonmagnede,
Aluminum 7.8 9.2 2,03 Chemical Properties. Same a5 AZ 34 B.
Zinc 0.20 0.8
Manganese 0,12 (a) - 2.04 Nutlear Propemties. See AZ 31 B.
Silicon - 0,30 ()
Copper - 0.05
Ntckel - 0. 005 3. MBCHANICAL PROPBRTIES
fron - 0. 005
Oaher impurities {total) - 0. 30 .0 Mecnanical Propertics
Magnesum Balance 3.011 AME and producers’ spacified mechanical properdes, Table
(0} Dow gives 0,15 3,015,
{0} Dow gives 0,05 TABLE 3.013
Squsxe @ 1 AMS (1)
Alloy AZB0OA
PForm Extrus lons Porgings Dle Forgings Hacd
[Forging
[ Conditlon F Ts F 115 TS
Thickness - o Usader 0. 25010l 50010 [2. 500 tofUnder 0. 2501e{). 5000 P. 500t0] - - <2 22 250 _
0,250 J1,499 B 499 5000 [0250 [, 490 [2.4 000 <50 1b _m_‘
Py min - ksd| &3 43 43 42 47 44 43 45 4z 42 42 34 40 42
Ft’t miap - Wil 28 28 28 27 30 33 33 k] 25 23 30 2 26 28
e, min - percent g 2 1 8 4 5 4 4 2 5 2 2 2 2 2
Fcy' mis - <1 - 17 17 17 - 28 27 26 18 25 - - - -
Fyy mia - kat] 19 19 19 19 - 21 2l - 20 20 - - - -
Fh:' min - kat
(e/D=1,3] 48 £l 48 48 - - - - - 50 - - - -
{e/D=2.0y) 56 56 56 56 - - - - 70 - - -
F mla - kst
{(e/Del.3)| 36 36 k] 36 - - - - - 42 - - - -
.{e/D=2,0}| 40 40 0 40 - - - - N 50 - - - -
Hardness (c)
BN, min)] - - - - - - . - = - - - 82 70
@) Individual Specimen
() Avemge of & Spectmen
) 1000 Kg 10mm.
1.0 Heat Treament
1,051 Burss tooming or weldlng,
1.0511 F Condidos, 500 F, 15 min,
£.0512 TS Condition. 400 P, I br,
1.0513 'T6 Conditton, 600 F, L/4 b,
1,082 Salutton meat forgings to T4 Condldog. 7S0P, 2w 4 hu,
alr coal,
1,083 Age F Copdition to TS Condétion. 350 P, 24 ar,
1.054  Age T4 Condirlon of forgings to T6 Coaditton, 350 F, 24hr,
1.06 Hardenabilicy. Alloy bardens fully {n all section sizes on J.02 Mechanical Properties at Room Tempemture, See 3.03atso,
aging either kot worked or 5 alud d material 3.021  Typical mechanical properdes, Tabie 3. 021,
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Mg TABLE 3.0 4002
{ZX3)
85 Al AZBOA 3
Form Extrusicms | Forging®  Erorusions |Forgings 4013
05 Zn |fcoxdigen : F T = IS
- 500 o . - - Ld R R
kpess - 10 |4 500 §5.000 1.500 | 5.000
AZBOA [/ -~ wm|® B | % 55 |S3w5q 5050
Frp - ksl | 36 35 a 38 w4039 34| 4,02
e, pexcent i 9 8 7 l ] 6 5
Pcy - ket - 25 35 132w 31] 28] 27 4,03
Fs’u ~ kay 22 22 24 23§ -
Fpru - ksl
(e/D=2.0) -68 - - B8O -
Pm-y - kat
(e/D =2.0) 45 - - o 1.04
4.05
3.q22 fitress §mio curves 1o cepslon and compression for torglngs,
Pig. 3.022,
3,23 Effect of exposuse to elavated empemtures on Wenslle pro-
perties of exttusions, Flg. 3.023,
3.4 Bftect of stiews concentration on notch §@ength mtlo of ex-
ouslons, Mg, 3,024,
3.08 Mechanical Properties ar Vadous Temy
3,031 Snon dme teosion propeross
3,031  Bffect of expesurs and text temperture o tensile proper-
tes of extrusioas and forgings, P, 3.0311,
3,032 Short time properdes other than teasion
3.033 Stztic swess copcentration effects
3,04 Creep and Creep Ropuure Properdes
3.041 Total ptrain curves for forgings at 200 apd 30 F, Fig,
3,041,
3.05 Fai Pro)
3,082 Fatdgue propexties of extzusions and forgings, Table 3.051,
TA}*E‘jgﬂ.ﬂ__
G, p. 4115, 4.116)
1)
Copd | Temp|Method |Sires s | Stress Fatigue Suength - kel
v Ratlo | Concen- at Cycles
i aJR|MUon | g0 Y gf | aa? | ag®
()F | RT | Ror [=i-1] Smooth 5 to 30023 to 28122 1026{20 1024
ar beam (X =1) BB 10304 1026 20 10 22]18 to 20,
@)Td = |21wo24l8c0 2]1!6 to 18
Q)13 26 ta 3022 12 25019 0 21116 o 19
TS 23 t0 27019 o 22116 10 19[14 0 16
() F | RT { Rev @wi-1|As ex-
beqd truded 19:202813t016[12 o1y -
(2yT¢ A8 forged|16020{ 130 16|12 015 -
5l RT =il 20 15 12,5 =
TS Rot {®]-1] Smooth | 25 - fa0 18
beam Nowhed | 16.5 - 9.5 9.5
Ka2 -
300 Smooth | 20.5 - 11 10.5
Notchedl 10.5 - 6.5 5
Ko2
3.0 Elagtc Properties
3,051 Modulus of elaagclty, 8500 ksi.
3,062 Modulus of gldity, 2400 kst.
3.063 Tengear modulus cyrves i wensien apd compression for
extnione in TS Condidon, Fig. 3.063.
4, FABRICATION
4,01 Forming and Castiny
4,045 Formlng of extrustons o the P Condlooen ¢an be bast pee-
Logmed at §50 F, with the dme a2t tempezatere Umitid o
1/2 br,
copE 3501
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Fomming of exrusivns in e TS5 Condiviop can bhe hest per-
foteed at 380 F, with the tme at temperapire lmiced o 1
b,

Porglag of this alloy is difficglt snd, therefore, limitad zo
press forging simple designs, In addidon, the mte of de-
formatlon should be low. Hammer forglogs are not genezal-
Ly produced. Upser forging should be preceded by bearing
at 750w 775 F, for 2 to 6 br, 1o prevent kot shormess,

Machining. Same as AZ 31 B,

Welding, Exmusioas apd forgings can be welded In all con-
ditdons by the ipert gus electric ac method. No flux is ne-
cessary. The prelened welding rod is AZ 92 A, Welded
assemblles must be swess relleved o aveld cacking.
Headag and Heat Teeadd

—

SurfaceTreadng. Sce AZ 63 4,

Bee AZ 63 AL
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General

AZ91 is a magnesium-aluminum-zinc casting alloy
that provides an excellent combination of castability
and mechanical and physical properties for use at
temperatures up to about 300-350F. It is produced in
three alloy variations, A, B, and D, for die castings and
in two alloy variations, C and E, for sand, permanent-
mold, and investment castings. The D and E variations
specify lower impurity limits, particularly iron, nickel,
and copper, which result in greatly improved corrosion
resistance with little effect on mechanical properties.
Consequently, the [} and E variations are generally
preferred for aerospace applications. The less pure
variations, A, B, and C, which are less expensive, may
be used in applications where corrosion resistance is
net an important consideration. Die castings are usu-
ally used in the as-cast condition, whereas sand,
permanent-mold, and investment castings are normally
age-hardened. Primarily in its purer {more corrosion-
resistant) variations, the alloy has present and potential
aerospace applications in gearbox cases, transmission
and engine compressor housings, under-carriage
wheels, and cockpit canopy frames (Refs. 11, 19, 20, 21).

Commercial Designations
AZ91(A,B,C, D, or B).

Alternate Designations

UNS Numbers: M11910 (AZ91A), M11912 (AZ91B),
M11914 (AZ91C), M11916 (AZ91D), M11919 (AZ91E)
(Ref. 11).

Specifications
[Tabie] Specifications.

Composition
[Table] Composition.

Heat Treatment (Refs. 10, 17, 23)

The conditions of heat treatment for AZ91, as well as
of other magnesiurmn casting alloys, are designated as
follows: F {as-cast), T5 {artificially aged), T4 (solution
heat treated), and T6 (age hardened after sclution
treatment). The alloy designation AZ91D-F, for
example, is indicative of die-cast D alloy variation in
the F (as-cast) condition, which is normal for die cast-
ings; whereas the designation AZ91E-T6 indicates
sand, permanent-reld, or investment casting E alloy
variation in the T6 (age-hardened) condition.

Condition T5, artificial aging: age as-cast (F) material
at 335F for 16 hours or, alternatively, at 420F for 4
hours, air cool.

Condition T4, solution heat treatment: soak at 775F
for 18 hours, fast fan cool to room temperature; alter-
natively, to minimize grain growth, soak at 775F 6
hours plus 665F 2 hours plus 775F 10 hours, fast fan

1.5, Govemment License, This materia! may be used, duplicated or disclosed by United States
Government agencies without the payment of any royatty.

Aerospace Structural Metals Handbook

153

154

1.6
1.6.1

1.7

1.8

1.9

Nonferrous Alloys « Mgc

AZ 91

cool to room temperature. To pre-
vent possible eutectic melting and
its adverse effects on properties, itis
suggested that the castings be g
loaded into the furnace at 500F and
brought to the soaking temperature
over about a 2-hour period at a
uniform rate of heating.

Mg
Al
0.7 Zn

Condition Té, age hardening after solution treatment:
soak at 335F for 18 hours, or alternatively at 420F for
5-6 hours, air cool.

The suggested holding times at the various heat treat-
ing temperatures are adequate for section thicknesses
up to at least 2 in. Longer times may be required for
castings with thicker sections.

Furnaces used for heat treating magnesium alloys are
usually the air-chamber type and may be electrically
heated or oil- or gas-fired. Since magnesium castings
are subject to excessive surface oxidation at tempera-
tures of 750F and above, a protective atmosphere
containing a minimum of 0.5 percent sulfur dioxide
or 3 percent carbon dioxide is recommended for the
solution treatment. Inert gases, which are more expen-
sive, may also be used.

If the temperature during solution treatment accident-
ally exceeds the specified level by an appreciable
amount, the castings may ignite and burn, aithough
sulfur-dioxide or carbon-dioxide atmospheres have
an inhibiting effect. Once magnesium alloys start to
burn, however, the sulfur dioxide or carbon dioxide
supplies oxygen to the fire. A magnesium fire in a
gas-tight furnace can be extinguished by the introduc-
tion of boron trifluoride gas through a small opening.

Hardness

[Table] Hardness for various heat-treated conditions at
room temperature.

Forms and Conditions Avatiable

Alloy variations A, B, and D are available in the form
of die castings, which are used primarily in Condition
F (as-cast). The other alloy variations, C and E, are
available as sand, permanent-mold, and investment
castings; they may be heat treated to Condition T4,
TS, or Té, but probably are most often used in the T6
Condition {fully solution-treated and aged).

Melting and Casting Practice (see AM100A,
Code 3410, Section 1.08; see also Section 1.9, first

paragraph) ) :

Special Considerations

For optimum mechanical properties, fine grain size
is necessary in AZ91 castings, as well as in other
magnesium-alloy castings. During melting operations,
grain refinement can be effected either by a controlled

Code 3402
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19.1

19.2

superheat or by carbon inoculation. In superheating,
the melt is heated to 1650-1700F, held for about 15 min-
utes, cooled to the pouring temperature fairly rapidly
by removing the crucible from the furnace, and then
poured. Carbon inoculation invelves the plunging of
organic compounds such as hexachloroethane or
hexachlorobenzene into the melt, although other car-
bonaceous materials, such as lampblack, may also be
used. Since the organic compounds release chlorine,
they function as degasers as well as grain refiners

"(Refs. 13, 22).

The beneficial effects of grain refinement can be lost
as a result of grain growth {also called germination)
during solution heat treatment. Sensitivity to this
phenomencn is accentuated by very fine, as-cast grain
size; by internal stresses, which tend to occur in chilled
areas and at saw cuts; and by excessive time at the
solution-treating temperature. An effective preventa-
tive measure is the alternative (interrupted) solution
reatment given in Section 1.5.2 (Refs. 13, 17, 23):

The ignition temperature of magnesium alloys is gen-
erally considered to be close to the melting point, but
fine shavings, powders, and ribbons can ignite at
somewhat lower air temperatures. Magnesium fires
cannot be extinguished by water or fire extinguishers
of the vaporizing liquid, foam, ordinary dry chemical,
or carbon-dioxide types. Their use accelerates buming
and may cause an explosion. Magnesium fires can be
extinguished only by covering the burning area with

a material that will exclude air and not react with
burning magnesium. Graphite powder and magnes-
ium melting fluxes are the most commonly used
extinguishers (Refs. 13, 17, 24).

AZ91 grows slightly when exposed for long periods
of time to temperatures above 200F,

[Table] Maximum linear growth of castings due to
long-time exposure to 300F.

[Figure] Linear growth of castings due to long-time
exposures at temperatures from 212 to 425F.

AMS specifications (Refs. 1, 3, 4) prohibit the suppliers
of AZ91 castings from repairing defective castings by
peening, plugging, welding, impregnation, or other
methods unless they obtain written permission from
the purchaser.

Although not yet commercially available, AZ91 alloy
products made by means of rapid-solidification process-
ing have been shown to have substantially improved
mechanical properties with corrosion resistance at
least as good as that of conventional AZ91 castings of
the same composition. This process involves the pro-
duction of fire particles or thin ribbons of the alloy
rapidly solidified by one of several techniques, such
as Free Jet Melt Spinning, Planar Flow Casting, and
Atomization. The rapidly solidified material is cold

Code 3402
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compacted into bulk material, about 60 percent of
theoretical density, for further processing by extrusion,
forging, or rolling into final shape and near theoretical
density (Refs. 38, 39).

[Table] Comparison of the tensile properties and hard-
ness of bars extruded from sand-cast billets with those

of bars made by rapid-solidification processing includ-
ing similar final extruding.

Physical Properties and Environmental
Effects

Thermal Properties
Melting Range, 875-1105F (Refs. 5, 6, 7, 11).

Phase Changes. In the as-cast condition (F), the alloy
consists mostly of magnesium-aluminum-zinc solid
solution, with massive intergranular and interdendritic
magnesium-aluminum compounds known as b-phase.
In relatively large sections, because of slow cooling
rates from the casting temperature, the b-phase also
forms as a lamillar secondary phase along the grain
boundaries. Also present in the as-cast alloy are some
particles of magnesium-silicon and manganese-
aluminum compounds, which are not affected by
heat treatment. Solution treatment (T4) dissolves the
magnesium-aluminum compounds {b-phase) into the
solid solution; subsequent age hardening (T6) induces
their precipitation in a discontinuous lamillar network
aleng the grain boundaries (Refs. 15, 16).

21.21 Time-temperature transformation diagrams.
Thermal Conductivity.

2.1.3.1 [Figure] Effects of temperatures up to 500F
on thermal conductivity.

Thermal Expansion. Mean coefficient of thermal
expansion of AZ91A and AZ91C from 68 to 392F:
15.1-15.2 x 10 in. per in. per F (Ref. 14).

Specific Heat.

2.1.51 [Figure] Effects of temperatures up to 1400F

on specific heat.
Thermal Diffusivity.
2.1.6.1 [Table) Thermal diffusivity at 68F.

Other Physical Properties

Density: 0.0654 Ib. per cu. in., 1.81 gr. per cu. cm.
(Refs. 5,6, 7, 8.

Electrical Properties.

2221 {Figure] Effects of temperatures up to 500F
on electrical resistivity.

Magnetic Properties. Alloy is nonmagnetic.
Emittance {(see ZK60A, Code 3506, Figure 2.024}.



September 1992 (revision)

2.2.5 Damping Capacity.

23

231

232

233

234

2251 [Table]l Damping capacity of die castings at
various stress levels,

Chemical Environment

Use of magnesium alloys in aerospace applications

has been limited by their susceptibility to corrosion in
marine and other aggressive environments. This prob-
tern in AZ91 castings has been substantially alleviated
by the relatively recent introduction of the high-purity
D and E alley variations with intrinsic corrosion resist-
ance approaching that of aluminum alloys. The improved
corrosion resistance of the I and E variations is a result
of greatly reduced limits for the heavy-metal impuri-
ties—copper, nickel, and iron—plus control of the
ratio of iron to manganese contents to a level of 0.032
or less (Ref. 13).

[Figure] Comparison of corrosion rates of AZ91C and
E in the T6 Condition with that of A357 aluminum
casting alloy both totally immersed in 3.5 percent
sodium-chloride sclution and in 5 percent salt fog.

[Figurel Comparison of corrosion-pitting depth in
AZ91C and E in the T6 Condition with that in A357
aluminum casting alloy after total immersion for 14
days in 3.5 percent sodium-chloride solution.

The corrosion rates for AZ91D-F (die castings) in 5
percent salt fog (ASTM B 117) and totally immersed in
5 percent sodium-chloride solution are about 10 and 45
mil per year, respectively, which compare reasonably
well with AZ91E-T6 (sand castings) corrosion rates as
shown in Figure 2.3.1 (Ref. 31).

In the older alloy variations (A, B, and C), differences
in iron content can have marked effects on corrosion
rates in various types of environments (Ref. 31}.

[Table] Effects of a variation in iron content on the cor-
rosion rate of AZ91C-T6 sand castings in various
types of environments.

Because of the high electrochemical activity of magnes-
ium, galvanic corrosion tends to occur in AZ91, as
well as in other magnesium alloys, in areas where they
are in electrical contact with most other structural
metals in the presence of an electrolyte. Such attack
can occur, for example, in areas where magnesium-
alloy surfaces are in contact with dissimilar-metal bolts.
Use of a nonmetallic sealing compound between all
such contact areas can be effective in preventing the
attack (Ref. 21).

{Figure] Comparison of corrosion rates of AZ91C and E
with that of A357 aluminum casting alloy when galvan-
ically coupled to aluminum and to carbon steel and
immersed in 3.5 percent sodium-chloride solution.

Use of ferrous abrasives for surface cleaning can leave
iron contamination on casting surfaces, which is detri-
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mental to corTosion resistance. Acid pickling can be
used to remove such contamination, but use of high-
purity alumina, silica, or glass beads is preferable to
ferrous abrasives (Ref. 20).

[Table] Effects of heat-treat condition and surface condi-
tion on the corrosion rate of AZ91E as a result of 10-day
salt-spray testing in accordance with ASTM B 117,

Recent studies have revealed that AZ91 is susceptible
to stress corrosion cracking in aqueous environments
(Ref. 41).

[Figure] Time to stress-corrosion failure as a function
of tensile stress for die-cast specimens in two different
environments; and, for comparison, the ultimate tensile
strength (F, } of comparison specimens after similar
exposures without stress.

Nuclear Environment

Mechanical Properties

Specified Mechanical Properties
[Table] AMS specified mechanical properties.
[Table] ASTM specified mechanical properties.

Mechanical Properties at Room Temperature

Tension Stress-strain Diagrams and Tension
Properties.

3211 [Figure] Tensile stress-strain curve for die-cast
test bar at room temperature.

3.2.1.2 For room-temperature stress-strain curves of

sand-cast test bars, see Figure 3.3.1.1.

3.2.1.3 [Table] Typical tensile properties of separately

cast test bars at room temperature,

3.2.1.4 [Figure] Effects of exposures up to 1000 hours
at 300F on room-temperature tensile proper-

ties of sand castings in the T6 condition.

3.2.1.5 [Figure] Effects of long-time exposures at
various elevated temperatures on room-temp-
erature tensile yield strength and percent

elongation of sand castings in the T4 Condition.
Compression Stress-strain Diagrams and Compres-
sion Properties.
3221 [Figure] Compressive stress-strain curve for
die-cast test bar at room temperature.

3.2.2.2 [Table] Compressive yield strength at room
temperature for different alloy variations and
heat treatments.

Impact.

3.23.1 [Table] Charpy V-notch impact strength at
room temperature for die castings and sand
castings in various heat-treated conditions.
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324
325

326

327

Bending.
Torsion and Shear.

3251 [Table] Shear strength at room temperature
for different alloy variations and heat treatments.

Bearing.
3.2.6.1 [Table] Bearing properties at room tempera-

ture for different alloy variations and heat
treatments.

Stress Concentration.
32.7.1 Notch properties.
3.2.7.2 Fracture toughness.

328 Combined Properties.

3.3 Mechanical Properties at Various Temperatures

3.3.1 Tension Stress-strain Diagrams and Tension Properties.
33.1.1 [Figurei Stress-strain curves at room and

elevated temperatures for sand-cast test bars.
3.3.1.2 [Figure] Effect of test temperature on tensile
properties of sand-cast test bars.
3.3.1.3 [Figure] Effects of test temperature and strain
rate on tensile properties of sand-cast test
bars in the Té condition.

3.3.2 Compression Stress-strain Diagrams and Compression
Properties.

3.3.3 Impact.
3.3.3.1 [Table] Charpy V-notch impact strength of sand

castings at temperatures from 75 to -320F.

3.34 Bending.

3.3,5 Torsion and Shear.
3.3.5.1 [Figure] Effect of test temperature on shear

strength of sand-cast test bars.

336 Bearing.
3.3.6.1 [Figure] Effect of test temperature on bearing

properties of sand-cast test bars.

3.3.7 Stress Concentration.
3.3.7.1 Notch properties.
3.3.7.2 Fracture toughness.

3.3.8 Combined Properties.

3.4 Creep and Creep-Rupture Properties

3.4.1 [Figure] Isochronous stress-strain curves at 300 and
400F for sand-cast test bars in the T6 condition.

3.4.2 A recent investigation of AZ91A-F die castings has
revealed that the alloy is susceptible to creep deforma-
tion at room temperatures and stresses below the
yield strength (Ref. 40).
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35
351

3.5.2

353

3.6
36.1
362

363
364
365

4.1
4.2

4.3

43.1

432
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3.4.2.1 [Figurel Creep strain of die-cast test bars as a
function of time at room temperature and a
tensile stress of 19.5 ksi.

Fatigue Properties

[Table] Rotating-beam fatigue strength (R = -1) of
different alloy variations at room temperature.

[Figure] Fatigue S-N range for sand castings in the T6
Condition,

{Figure] Fatigue-crack growth rates for two different
sections of a sand casting.

Elastic Properties
Poisson’s Ratio, 0.35 (Refs. 11, 25).
Modulus of Elasticity.

3.6.2.1 {Figure] Modulus of elasticity at room and
elevated temperatures.

Modulus of Rigidity, 2.4 x 10° psi (Refs. 11, 25).
Tangent Modulus.
Secant Modulus.

Fabrication

Forming

Machining and Grinding

AZ91, as well as other magnesium alloys, has excellent
machinability, which enables it to be machined at
high speeds and feeds. The low cutting pressures and
rapid dissipation of generated heat combine to provide

long tool life, dimensional stability, and good surface
finish (Ref. 30).

Joining

Although welding is not recommended for die castings
(AZ91A, B, and D), gas-tungsten-arc and gas-metal-arc
welding are both applicable for repair and joining of
sand, permanent-mold, and investment castings.
AZ92A or AZ91C are the recommended filler alloys.
Whereas preheat and interpass temperatures of 650-
750F are recommended for thin and restrained sections,
heavy and unrestrained sections may be welded with
little or no preheat (Refs. 11, 32).

If the T4 Condition is desired after welding, the cast-
ings should be in that condition prior to welding and
then postweld treated as follows: 1/2 hour at 775F in
protective atmosphere (see Section 1.5.4), fast fan cool
(Ref, 32).

If the Té Condition is desired after welding, the cast-
ings should be in either the T4 or T6 condition prior to
welding and then postweld treated as follows: 1/2
hour at 775F in protective atmosphere (see Section



September 1992 (revision) Aerospace Structural Metals Handbook Nonferrous Alloys » Mgc

433

434

4.4

AZ 91

1.5.4), fast fan cool, + 4 hours at 420F or 16 hours at 4.4.1 [Tabie] Effects of various surface treatments and
335F, AC (Ref. 32). The short times at 775F (1/2 hour) finishes on the rotating-beam fatigue strength of sand
for the postweld T4 and Té treatments are used to castings at 10 million cycles.

avoid germination (see Section 1.9, second paragraph)
in the deposited weld metal (Ref. 32).

AZ91C and E castings can be welded to most wrought
magnesium atloys by the same methods given in Sec-
tion 4.3, first paragraph. For optimum properties, the
castings to be welded should be in the heat-treated
condition finally desired. Postweld treatments as
given in Sections 4.3.1 and 4.3.2 provide optimum T4
or T6 properties in the casting segment, but may be
detrimental to the wrought material depending on the
specific alloy (Ref. 32).

If optimum mechanical properties are not required,
welded castings or cast-wrought weldments should,
nevertheless, be stress relieved one hour at 500F in
order to prevent stress—orroston cracking (Ref. 32).

4.34.1 [Table] Tensile properties of sand-cast plates,
both base metal and sections with transverse
GMA welds across the gage lengths of the
test specimens.

4.3.4.2 [Figure] Fatigue S-N curves for sand-cast
plates, both base metal and sections with
transverse GMA welds across the test areas.

4.34.3 [Figure] Fatigue-crack growth rates in GMA
repair weld deposits made with AZ92A
magnesium-alloy electrodes in two different
sections of a sand casting.

Gas welding, soldering, brazing, and spot welding are
not normally recommended for AZ91 alloy, particu-
larly for critically stressed applications or for service
under conditions of vibration or fatigue (Refs. 29, 34).

Surface Treatment

For corrosion protection during shipping and handling,
AZ91, as well as other magnesium-casting alloys, are
normally chrome pickled (AMS 2475) or, alternatively,
coated with a light corrosion-inhibiting oil by the pro-
ducing foundries prior to shipment. (Refs. 1,2,3,4). A
wide range of chemical and electrochemical cleaning
and surface treatments is available for paint adhesion
and corrosion protection (Ref. 31, see also AM 1004,
Code 3410, Sections 4.042, 4.043, and 4.044 for details).

A study of the effects of various surface treatments
and finishes on the rotating-beam fatigue strength of
AZ91C-Té6 castings showed that acid pickling has
detrimental effects on fatigue strength, whereas shot
peening has beneficial effects which, in most instances,
are sufficient to overcome any detrimental effects of
acid pickling or coatings. For the most part, chromate
coatings, anodic coatings, and paints have only minor
but variable effects on fatigue strength (Ref. 27).
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Table 1.3.1 Specifications (Refs. 1-11)

Alloy: AZ91
Specification Alloy Conditions Form
Variations

AMS 44370 c T6 Sand Castings
AMS 4446 E T6 Sand Castings
AMS 44906 A F Die Castings
AMS 44524 c T8 'c"a"::i‘;g;em
ASTM B 80-30 C.E F.T4,5.6 Sand Castings
ASTM B 94-88 AB D F Die Castings
ASTM B 199-87 C.E F.T4,5,6 g:;‘:i":;‘:“‘ Mola
ASTM B 403-87 C.E £, 74,5,6 L"a‘;f;;“:"‘
ASTM B 93-90 A B CDE F Ingot

Sand and
MIL-M-456062 c - Permanent Mold

Castings
QQ-M-56 4 - Sand Castings
QQ-M-38 A F Dje Castings
Q0-M-55 c . tactinge

* Note: In addition to these product specifications, ASTM B 661-90 and
MIL-M-6857 cover heat treatment of magnesium alloys including AZ91.

Table 1.4.1 Composition (Refs. 1-9)

Alloy: AZ91
Allay Variations A [ B 1 D ¢ (a) ] E(b)
Form (c) Die Cast Sand, Investment, Permanent Mold Cast
Specification AMS (3}, AST™ (6) ASTM (6) ASTM (6) ANS (1) AMS (2)
Element Percent Percent Percent Percent Percent
Min Max Min Max Min Max Min Max Min Max
Alyminum 8.3 9.7 8.3 97 8.3 9.7 81 9.3 8.1 9.3
Zing 0.35 1.0 0.35 1.0 0.35 1.0 0.40 1.8 0.40 1.0
Manganese ' 6.13 . 013 . . 0.15 0.13 .30 0.17 0.35
Silicon - 0.50 - 0.50 - 0.10 - 0.30 - 0.030
Copper - 0.10 - 0.35 - 0.030 - 0.10 - 0.030
Nickel - 0.03 - 0.03 - 0.002 - 0.01 - 0.0012
Iron - - - - - 0.005 - - - 0.005
Others, each - - - - - 0.02 - 0.10 - 0.0t
Others, tota! - 0.30 - - - - - 0.30 - -
Magnesium Remainder Remainder Remainder Remainder Remainder

{a) The compaosition shown for AZ91C is taken from the AMS specification for sand castings (Ref. 1); the AMS specification for investment castings

{Rei. 4) and the ASTM specifications for sand (Ref. 5), investment {Rel. 8), and permanent mofd {Ref. 7) castings differ only slightty, primarity in the limits
for manganese content.

{b) Thie composition shown for AZ91E is taken from the AMS specification for sand castings (Ref. 2); the ASTM specifications for sand (Ref. 5},
investment (Ref, 8), and permanent mold {Ref. 7) castings differ onty slightly, primarily in lower maximum limits for silicon and capper contents,

{c) The ASTM specitied compositions for ingot in all five alloy variations (Ref. 9) are quite similar to those shown above, the most pronounced differences
being somewhat more restricied ranges for the principal alloying elements and in some instances for the residual elements in the ingot specification.
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Table 1.6.1 Hardness for various heat-treated conditions
at room temperature (Refs. 5, 6,7, 11, 13)
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AZ 91

Table 1.9.1 Maximum linear growth of castings due to

long-time exposure at 300F (Ref. 23)

Alloy: AZ9 Alloy: AZ91C
Hardness ;
Type Casting VM."‘W Condition Form Gastings
ariation Brinell {2) | Rockwell E Condition Maximus Linear Growth {in./in.)
Die ABD F 63 75 F 0.00040
T4 0.00077
F &0 66
Sand, Te 0.00055
Permanent
Mold, CE T5 62 -
Investment Ta = 62
T6 70 77

(3) 10 mm ball, 500 Kg

8 AZ91C-T4
| T
| T/

425F 350F 212/
2 / ;

' <’ /'—/-'"\/ /

'\\_/

1 10 100
Exposure Time, hrs

Growth, In_ per In. x 104

1,000 10,000

Fig.1.9.2 Linear growth of castings due to long-time exposures
at temperatures from 212 to 425F (Ref. 23)

Table 1.9.3 Comparison of the tensile properties and hardness of bars extruded from sand-cast billets with those of bars
made by rapid-solidification processing including similar final extruding (Refs. 38, 39)

Alloy: AZ91E
Initial Form Further Processing (a) Heat Treat Fy (ksi) Fy (ksi) e {percent, 4D) Hardness Rockwell E
Sand-cast bar Extruded None 328 454 156 81
Sand-cast bar Extruded 76 (b) 24.2 477 1 785
RS + G {c) Extruded None 56.7 66.3 121 97.5

(a) Extruded at 480F, extrusion ratio 20, ram speed 0.5 mm per sec
{b) Heat treated after extruding
(c) Rapidly solidified by Free Jet Melt Spinning and compacted
Note: For comparison of the sand-cast and extruded bars with conventional cast test bars see Table 3.2.1.3, in which Condition F and T8, respectively,
correspond to heat treatments labeted “None” and “T6” in this table
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85 : T
O miAFDiccsst | | 038
® A791C-F Sznd and perm, mold cast } AZSHB-F'
50 A AZ91C-T4 Sand and perm. moid cast Die cast
® A791C-T6 Sand and perm. mofd cast —
' P 0341 & S0iig
| . A Molten
_;3:';5 45 — .
g : 032 Metting
§ @ range
3 ? 40
E= /f //g 0.30
8=
=8 35 ;

Spectlfic Heat, Blu per (b F

J
0.28 /
0
026
A
25 //
0 W00 200 300 400 500 P

Temperature, F 0.24 F
Fig. 2.1.3.1 Effects of temperatures up to 500F on
thermal conductivity (Ref. 14) 0.22

)] 200 400 600 800 1000 1200 1400
Temperature, f

Fig. 2.1.5.1 Effects of temperatures up to 1400F on specific heat (Ref. 14)

Table 2.1.6.1 Thermal diffusivity at 68F (Ref. 14}

9 L )
Alloy: AZ91 £ | o Az91aF Diecast I |
Al — £ & AZ91C-F Sand and perm. mold cast
10y Conditian Casting Type Diffusivity = & A791C-T4 Sand and perm, mold cast
Variation (sq ft per hr) _Ez, 8- W AZ91C-T6 Sand and perm. mold cast
A F Die 1,12 =
=
c F Sand & Permanent Mold 1.17 g 7 y
c T4 Sand & Permarent Mold 1.00 £ s ?”t—j’
g . —
¢ 6 Sand & Permanent Mold 1.23 ] o"ﬁ/
sl

0 100 200 300 400 500
Temperature, F

Fig.2.2.2.1 Effects of temperatures up to 500F on
electrical resistivity (Ref. 14)

Table 2.2.5.1 Damping capacity of die castings at various
stress levels (Ref. 17)

Aloy: AZ91A, B, D
Farm Die Castings
Condition F
Stress (ksi) Specific Damping Capacily (percent)
1.0 2.67
20 533
30 12.0
35 16.0
5.0 29.3
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350 AZN
Sand cast

J]]m Total immersion, 14 days
300ME sattfog, ASTM B 117 —]

~y
wn
=

g

150§

Corrasion Rate, mlls per year

pry
=
=]

h
o

A357  AZ91C-T6

Fig.2.3.1 Comparison of corrosion
rates of AZ91C and E in the T6 condition
with that of A357 aluminum casting
alloy both totally immersed in 3.5
percent sodium-~-chloride solution and

in 5 percent salt fog (Ref. 21}

Table 2.3.3 Effects of a variation in iron content on the corrosion

rate of AZ91C-T6 sand castings in various types of
environments (Ref. 31}

Alloy: AZ2591C
Form Sand Castings
Condition T6
Iron Conteri (percent) 0.035 <0.005

Environment Corrosion Rate (mils per year)
Rural 017 o
Industial 0.60 0.55
Marine 0.87 0.25
20% salt spray 3740 219

Aerospace Structural Metals Handbook

10000 B coupied 1o aluminum

Corroslon Rate, mils per year

Nonferrous Alloys » MG

AZ 91

A2
Sand cast

Average pit depth
100 S Maximum pit depth

Dapth of Pltting, mils

10

0.1 b= = =
A357  AZ9IC-TE  AZ91E-TG
Fig. 2.3.2 Comparison of corrosion-
pitting depth in AZ91C and E in the

T6 condition with that in A357 aluminum
casting alloy after total immersion for

14 days in 3.5-percent sodium-chloride
solution (Ref. 21)

AZ91
Sand cast

Uncoupled

Coupted to steel

g
=]

-
o
t=3

-y
=

SOOI ARSI

NN

Il

A357 RZ1C-T6 RZIIE-

1 AN Y

Fig. 2.3.4 Comparison of corrosion rates

of AZ91C and E with that of A357 aluminum
casting alloy when galvanically coupled to
aluminum and to carbon steel and immersed

in 3.5-percent sodium-chloride solution {Ref. 21)
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Table 23.5 Effects of heat-treat condition and surface condition 40 AE81DF ' )
on the corrosion rate of AZ91E as a result of 10-day salt spray Die caslings, as-cast specimens
testing in accordance with ASTM B 117 (Ref. 20) Y
20 i) . . ® g0 [ ] -
Alloy: AZ9IE hdd * s
- Environment: distilled water
Form $and Cast 20 :‘ As
F 3
ion Rate (mil A A
Heat Treat Condilion Surtace Condition Garrosion Rate {mils 4 A4
per year} i
0
F (1) o277 A A Stress corrosion, time to tracnlxre at constant
o tensile stress
F @ <14-29 = 0 F ® O £y, of unstressed specimens after exposure 10—
F (3 14-2¢ = similar environments
2 OB As-received Fy, and Fy, cespectively
™ 3} 57 £ :
= 40
T6 {3) 49 2
= Q9 o o
(1) Steel-shot blasted 30 0] e
(2) Sand blasted, acid etched, and chrome pickled © o o
(3) Wet-bett abraded with 80-mesh sificon ¢arbide -
20 —r Environment;
ﬂ\a%ﬁ' A O 35% salt water
N&
10
1]

1 19 100 1000
Time, days .

Fig. 2.3.6 Time to stress-corrosion failure as a function
of tensile stress for die-cast specimens in two different
environments; and, for comparison, the ultimate tensile
strength (Fy,,) of comparison specimens after similar
exposures without stress (Ref. 41)

Note 1: The specimens were half submerged in the
indicated environments; the stress-corrosion specimens
fractured at the air-water interface, but the comparison
specimens fractured at random locations in the gage length
in subsequent tensile tests.

Note 2: The deterioration in strength of the companion
unstressed specimens after about 10 days in salt water was a
result of general corrosive attacic
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Table 3.1.1 AMS specified mechanical properties (Refs. 1, 2, 4}
Alloy: AZH
Condition T6
Form (e) Alloy Variation | Tensile Specimens Frvn(l'i‘ﬁi ) me(il:'si) 8 ("":fi:t- 4p) BHN (d)
o @ 16 34.0 30 65-85/75-95
0 12 17.0 0.75 65-85/75-95
Sand Cast @) 16 34.0 3.0 65-85/75-95
3 (b) 12 170 . 65-85/75-05
© 145 255 0.75 §5-85/75-95
@) 16 3.0 30 -
Ivestment Cast c (b) 12 170 - -
() 145 25.0 10 ;

(a} Separately cast
{b} Cut from casting, sinple specimen

(¢) Cut from casting, average of four or more specimens

(d) 10 mm ball 500 Kg load/10 mm ball 1000 Kg load; any area of casting except at gate and riser locations
{e) The AMS specification for AZ91A-F die castings (Ref. 3} includes no mechanical-property requirements

Table 3.1.2 ASTM specified mechanical properties (Refs. 5, 7, 8)

Alloy: AZN
Tensile Specimens Separately Cast to Size
Form (a) Altoy Variation Condition F.,,"f:c:i) Fﬂ'":ik:i) e {pm;ril:; 2in}

F 1.0 23.0
T4 11.0 340 7
Sand Cast ¢ T5 12.0 230 2
T8 16.0 340 3
E 6 16.0 340 3

F 10.0 18.0
T4 10.0 34.0 7
Investment Cast ¢ T5 11.0 20.0 2
6 16.0 34.0 3
E T6 16.0 34.0 3

F 1.0 230
¢ T4 11.0 34.0 7
Permanent Mold Cast 15 120 230 2
113 16.0 340 3
E 16 16.0 340 3

{a) The ASTM specifications for AZ91A, B, and D-F die castings (Ref. B) and for AZ31A, B, C, D, and E-F ingot (Rel. 9) include no mechanical-property

reguirements
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25
AZGTA-F
Die cast |
20 //
2 15 /
g
F /
T 10 /
& /
5
0 .
0 0002 0004 0006 0008
Strain, in. per in.

Fig. 32.1.1 Tensile stress-strain curve
for die-cast test bar at room temperature
{Ref.

25)

AZ91E-T6
Sand casting

46

AN

35

M~

Fiu

——.]

T

30

Stress, ksi

Specimens machined from
1.0-in. thick section

25

20

e {40}

Elongatlon, percent

\] 200 400
Exposure Time, hr

Fig.3.2.1.4 Effects of exposures up to 1000 hours
at 300F on room-temperature tensile properties

600 800

1000

of sand castings in the T6 condition (Ref. 21)
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Table 3.2.1.3 Typical tensile properties of separately cast
test bars at room temperature (Refs. 6, 11, 13)

Alioy: AZ91
. Sand, Permanen{ Mold,
Form Die Cast Investment Cast
Alloy Variations A, B, D C.E
Condition F F T4 5 T6
Fy (ksi} 22-23 14 13 17 21
Fo (Ksi) 33-34 24 40 26 40
e (percent, 4D) 3 25 15 3 ]
Aa296T4 |
Sand castings
22
20 FW P et |
= N 4 o~
! 425F 350F/ x
3T
= 300F 212F
1e A /
.5 e(2in)
= o« L —:\
£ 10 \ ™. \
; ~N 425N50F 300F st
g 5 \‘-\ N
0
0.1 1 10 160 1000 10,000

Exposure Time, br

Fig. 3.2.1.5 Effects of long-time exposures at various elevated
temperatures on room temperature tensile yield strength and
percent elongation of sand castings in the T4 condition (Ref. 25}
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25

AZ91AF
Die cast

TV
/

0
0 0.002 0004 0006  0.008
Strain, in. perin.

Compressive Stress, ksl

Fig. 3.2.2.1 Compressive stress-strain curve
for die-cast test bar at room temperature
(Ref. 25)

Table 3.2.3.1 Charpy V-notch impact strength at roomn
temperature for die castings and sand castings in various
heat-treated conditions (Ref. 11) ’

Aerospace Structural Metals Handbook
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Table 3.2.2.2 Compressive yield strength at room
temperature for different alloy variations and heat
treatments (Ref. 11}

Alloy: AZ91
Alloy - .
Form Variations Condition Fuy (ksi}
Die Cast A, B,D 3 24
F 14
Sand, Permanent
Mold C.E m 13
T6 19

Table 3.2.5.1 Shear strength at room temperature
for different alloy variations and heat treatments
(Refs. 11, 33}

Alloy: AZ91 Alloy: AZM
All iati ditk F i
Form v:rli’:xun Condition Cha(rfﬂh\; IE Form oy Variation Condition o (KSi)
Die Cast A BD F 20
Die Cast ABD F 29 P 18
F 0.58 Sand, Permanent
. Mold CE T4 20
Sand Cast C.E T4 3.0 T6 21
T6 1.0
Table 3.2.6.1 Bearing properties at room temperature
for different alloy variations and heat treatments
(Refs. 11, 25)
Alloy: AZ91
Form Alloy 1 condition | Fyy (ksi} | Fyy (ki
Variations | “0n9I19 oy (kS oy (ki)
Sand. F 40 60
Permanent C.E T4 44 60
Wold T6 52 75
Note: Ratio edge distance to hole diameter, (e/d) =25
Code 3402
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25 50 —
AZ9C | A9 | nditi
@ & T6 condition
Sand castltesl bars Sand cast test bars Q T4 condition
20| 74 condiion 40 }——d-
RT "1
[ o |
15 1 400F _|
i 30

AW

10 / 20

™

/1

10 k
-
g 0
2 b —
2 E ®O 10min ;
= ar g & >10min } At temperature
25 £ 40 e2in) : s
76 condition / 300F 3 WT-"T
=h
g 0’4’
20 / e S - 1
/ 400F 0 100 200 300 400 500 600
e Temperaturs, F
t //

Fig.3.3.1.2 Effect of test temperature on tensile properties of

15
/'f’ sand-cast test bars (Refs. 25, 35)
/ /

10 /

0
0 0.002 0.004 0.006 0.008 0.010
Strain, in. perin.

Fig. 3.3.1.1 Stress-strain curves at room and elevated
temperatures for sand-cast test bars (Ref. 35}
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AZ91C-Te
Sand cast test bars
o " 75F
40
- 200F =
i }UF.
% /
./‘ a8
20 /O/ }4_‘
F] 700F
g 10 =
e
w
B00F
0
30
Fry
200, 75F
20 [ % = o
e ——e—T—""®
O] 300F__o— I
I I
0 & s00r l_—0C
T .
TR0y om0
0.001 om 01 i0 10

Strain Rate, in. per in. per min

Fig. 3.3.1.3 Effects of test temperature and strain rate on tensile
properties of sand-cast test bars in the T6 condition (Ref. 35)

Shear Strass, kst

30 T —
age | O T4 condition
Sand-cast test bars @ T6 condition

25 P

./ 3
O’ su
20 ‘\\
15 o -
0 100 200 300 400
Temperature, F

Fig. 3.3.5.1 Effect of test temperature on shear

strength of sand-cast test bars

(Ref. 36}
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Table 3.3.3.1 Charpy V-notch impact strength of sand
castings at temperatures from 75 to -320F (Ref. 29)

Aligy: AZNC

Farm

Sand Cast

Candition

T6

Temperature (F)

Charpy V IE (ft Ib)

75

1

-110

1

-320

3/4

] |
O T4 candition
® 76 condition

¢ >

B

60 o

Strass, ksl

50

/Z//

)

c”"—"’\

Vi

30k
0 100

200

300 400

Temperature, F

Fig.3.3.6.1 FEffect of test temperature on
bearing properties of sand cast test bars (Ref. 36)
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AZ91C-T§
Sand-cast test bars
20
o
/I
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e
_ // =
i Ry
" 721 o0
@ rd R 1
& ,. - = -
-] " e
= -~ e
d ST
= L /f/_/"'.-
» 7 —
r ke 400F
3 hrs exposure ity 7
15 secs 4 U Crh
- =——=— 5 mins r __,"
=—-=== 15 mins "t~
——-= ihr .
—=-10 brs
0 0.004 0.008 0 0.004 0.008 0.012

Strain, in. perin.

Fig. 34.1 Isochronous stress-strain curves at 300 and 400F
for sand-cast test bars in T6 condition (Ref. 37)

Table 3.5.1 Rotating-beam fatigue strength (R = -1} of
different alloy variations at room temperature (Ref. 11)

Alloy: AZ91
Maximum
Alloy - Cycles to .
Form o Condition - Cyclic
Variation Failure Stress (ksi)
Die Cast AB,D F 5x 108 14
Sand,
Permanent C.E 6 108 12-14
Mold

Note: Spectmen surfaces machined and polished

Code 3402
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AZ9NAF
Die cast
00| 75F
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= 224 ki 7
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= 0.08
g8 ledpy-20% "
2 /
& 0.08 “
&
: |/
5002 /

02

¢ 20 4 6 B 100

Time, brs

Fig. 3.4.2.1 Creep strain of diecast test bars
as a function of time at room temperature and
a tensile stress of 19.5 ksi (Ref. 40)

AZIE-TE
Sand casting
35 Axial
70F
R=01
Specimens machined from

1.0-in.-thick section

/ //%H.
<L/

.Z.——

5
104 108 108 107 108
) Cycles to Failure

Fig. 3.5.2 Fatigue 5-N range for sand castings in the
T6 condition (Ref. 21)
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A791C-T6 ‘
Sand cast

Axial
R=0.714
- 75F
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Air

10 HZ
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0.200 in, thick

1 !

1

2
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Fig. 3.5.3 Fatigue-crack growth rates for two
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AZ91C-TB
Sand-cast test bars
7
5 | N
= -
- E, static
sz
2 5
=
4
>
3
0 200 400 600

and elevated temperatures (Ref. 28}

Temperature, F
Fig.36.2.1 Modulus of elasticity at room

800

Table 4.3.4.1 Tensile propefties of sand-cast plates, both base metal and sections.with transverse GMA welds across the
gage lengths of the test specimens (Ref. 18)

Alloy: AZ91C
Form Sand-Cast Plates
. Preweld Heat Postweld Heat . . . e

Test Section Treatment Treatment Preheat (F) Filler i Osi) Fu (isi) (percent, 2in.)
Base Metal 16 T6 400 - 17.9 353 37
Welded T6 T6 400 AZ92A 221 39.7 4.3

Base Metal T4 76 - - 20.5 41.9 6.5
Welded T4 T6 - AZ91C 20.6 34.2 33

Note: All tensile properties are the averages of three tests
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AZIIC | | prreTEn T T

Sand-cast plate, 0.375-in. thick (approx.) Sand casting, repair welded
fully heat treated to T6

Maximum Cyclic Strass, ksi

18 f 1 10-3| condition after welding
Cusve identitication |
Test Preweld  Postweld  Preheat X X .
1 No. Section _HLTtt  HiTn. F Filler | —— = 03in. section I
1 Welded 15 T6 400 7928 3.0 in. section |
2 Weldeg T4 113 400 AZ92A = Axial
3 Welded T4 B 400 A291C 2 04| R=0714 ]
14 4 Basemetal T4 Té 400 - B 75F /
5 Welded T6 T6 400 AZNC o Air /
6 Weldes T4 6 None AZ91C £ 10 HZ /
7 Welded T4 16 400 AZ91C Z Specimens C{T) /
12 7;&5 12“3 2 0.200 in. thick y
g I /
\\k\ & 105 | Crack growth f ik
10 o £ rates in weld /
S . 7/
\\t ] deposits )
\____ e e—(——— bt
8 T 2
(=]
Reverse bending, R = -1.0 2406
s} 7or <
As-cast surfaces, welds ground flush
4 /
105 106 107 108 109
Cycles to Failure 107 I . Ll

1 z 4 6 8 10
Stress Intensity Factor Range, aK, ksiin.

Fig. 4343 Fatigue-rack growth rates in GMA
repair weld deposits made with AZ92A magnesium
alloy electrodes in two different sections of a sand
casting (Ref. 12)

Fig. 4342 Fatigue $-N curves for sand-cast plates, both base metal
and sections with transverse GMA welds across the test areas (Ref. 18)
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Table 4.4.1 Effects of various surface treatments and finishes on the rotating-beam fatigue strength of sand castings at 10

million cycles (Ref. 27}

Alloy: AZ31C
Form $and Castings, 0.625-in. Plates
Condition T6 (Fy = 39.4 ksi}
Surface Condition Fatigue Strength at 107 eygles (ksi) Peycent of
As polished (controt samples) 12 100
Polished, peened 15 125
Polished, atkaline cleaned, pickled 95 79
plus,  No. 20 chromate conversicn coating 10 34
No. 7 chromate conversion coating 85 79
HAE light anodic coat 11 92
HAE heavy anodic coat 10 B4
Ne. 17 light anodic coat 8 67
Na. 17 heavy anodic coat 9 75
Polished, peened, alkaline cleaned, pickled 15.5 129
plus,  Me. 20 chromate conversion coating 145 121
No. 7 chromate conversion coating 13 108
HAE light anodic coat 14 17
HAE heavy anodic coat 15 96
No. 17 light anodic coat 14.5 121
No. 17 heavy anodic coat 11 92
Polished, peened, alkaline cleaned, pickled, HAE heavy anodic coat
plus,  Epoxy primer and lacquer (5 mils total) 125 104
Epoxy primer and Alkyd top coat (5.5 mils) 12 100
Epoxy primer and polyurethane (5.4 mils) 1 92
Chioro-rubber and polyurethane (5.3 mils} 12 100
Polished, alkaline cleared
plus,  HAE light anodic coat 14 117
HAE heavy anodic coat 14 17
Note:
1. Fatigue test conditions: R = -1, 70F, 10,000 cprm
2. Polished: No. 400 polishing paper in tongitudinal direction
3. Peened: 0.125-in.-dia steel shot ta 5A Almen intensity
4. Pickled: Dilute nitric plus sulfuric acid for 10 sec
5. Alkaline cleaned: immersed in sodium orthosilicate solution
Code 3402
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1. GENERAL
AZ 92 A ig a heat treatable casting alloy which is a mem-
ber of the alumi &pd Zine ¢ tning tamily. Of this
tamily it has the highest yield strength combined with
maoderate elongation and good pressure tightness. It is
svailable in the form of sand, per mold, i
castings sod welding rod. Caetings of this alloy give stable
properties up to 200 F apd under [ow opetating streases
give satisfactary service up to 350 #. It has god machin-
ability and can be welded.

1.01 Canmercizl Designation. AZ 92 A.

102 Alternate tion
1.03 Specifications, Table 1.03.
TABLE 1.03
Foren Milteary ASTM
4434 F |Castings, sand (T6 Cond)}] QQ-M-56(F. T?7)| B 80-56T (F.T6]
4453 Castings, inveatment
(Tt Cand) - -
4454 E |Castings. permanent
motd {T6 Cond) |QQ-M-55(F. T6] B 199-56T
- Inget - B 93-36T

1.04 Composition, Tahble 1.04.
TABLE 1 04
Source AMS (1) (2) (3
Percent
Min l Max
Alumizumn 8.3 9.7
Zinc 1.6 .4
Manganege 0.10 -
Sttten - 0.3
Copper - 0.10
Nickel - 0.01
€xbher impuritiea
tatal - 0.30
| Ma gnesium Balapce
1.05 Heat Treatment
1.051 Solutian treat. As cast P Condition to T4 Condition.
1.05E) Load into preheated furmece (appraximsiely 500 F), ralse
to 760 10 770 F tn abaw 2 br, hold at temperature for 18hr,
air coal. Use 0. 4 SO, (min) tn furnsce stmosphere during
heat and sosk periads, (4, p.3).
1.0512  Lawed into preheated furasce (appraximately 500 F), raise
10 760 1o 770 P in abowr 2 hr, hold at temperature for 6 br,
furoace cool to 660 to 670 F, hold for 2 hr, ralse to 760 o
770 7, hold for 10 hr, sir cocl. Use 0.5% SO (min) in fur-
mace stmosphere during heat aod sk cycles. This treat-
ment prevente germination, (4, p-3).
1.052  Age :
1.0521 As cast to TS Condition, age at 490 to 510 F for 4 hr, 2ir
cooal, (4, p. 2+3). X
1.0522 T4 to T Condition, after solution heat treat, gt at 490 to
510 P for 4 br, air cool, (4, p.4).
1.06 Hardenabiliry
1.07 Forma and Coxxdl Available
1071 Alloy is labic tn the &l I range of sizes far
aand, § mold and Thogs
1.072 Castings are svailadle in P, T4, TS and TS Conditicns al-

though use 18 almam exclustvety tn the T6 Condirion.

1.08 Melting and Cxsxing Practice

aicm alloy meiticg and ca sting practice.

MgC

NONFERROUS ALLOYS

L0V Special Congiderations Mg

1.0%) Heat treat temperature must not exceed 772 F to prevent 9 Al
burning, (6)-

2. PHYSICAL AND CHEMICAL PROPERTIES 2 12n

201 Thermal Properties

2.0t Melting range. 830 to 1100 F minimum, Liquation (burning) AZ92A
temperature 770 F, (6).

2.012 Transfermation temperature. Nooe.

2.013 Thermal canductivity, Table 2.043.

TABLE 2.013*
Souree O, T V)
codition F_ ] 14 ] 15 1 716
Temp - F Bru f1 pexr { hr sq &t
68 30.2 256 33.6 1.6
100 - - 35.1 35.1
200 - - 38.7 38.7
300 - - - 1.8
400 - - - 4.8
500 - - - 47.6
* Caiculated from electrical resistivity data

2.014 Thermal expangion at low and cl temperutures, Fig.
2.014.

2.0141 Dimensional growth due 10 ¢Xposure ar various (empera -
rres, Fig. 2.0141.

2.015 Specific heat. 0. 245 Eu per {Ib F).

2.016 Emlasivity. Variations in alloy composition do axt signif-
icantly effect emigsivity values,

2,0161  Effect of test temperature on emisaivity of alloy, Fig.
2.0161.

2.7 Diffusivity. Thermal, 0.135 aq in per scc, (9, p.19).

2.02 Cxher Physical Properties

2,024 Density. 0.066 ib per cuin, 1.828 gx per cu cm.

2.0 Electrical resistivity, Table 2.022.

TABLE 2.022
 Source
ondjti
| Temp - F

68

100
200
300
400
500

2.023 Magnetic properties. Noomagaetic.

2.03 Chemical Propertice

2.031 Corroston resiatance

2,0311  Alloy is reslstant 1o Toat alkalis, some hydrocarbans,
aldetydea, ethyl alcohol, phenols, amines, esters ami
mast otle as well an pure chromic aod hydroflpurie acida.

2.0312 Swess corroston may occur after welding unless giresa
relleved.

2.0313  Suscepible to galvanic coxrosion in preaence of more noble
meml unless protected.’

2.032 Oxidation resisance. jn moist air, alioy forme oxide film
which retaxds tat does oot stop further axddation. Needsa
full protection ln marine stnospheres.

kN MECHANICAL PROPERTIES

.ol Specified Mechanical Propertics

3.01% AMES epectfied and producer’s mini h } proper-

ties, Talle 3.011.
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TABLE 3.0il
Mg [Source AMS (1) (3) ] AMS (2) Dew {9, p.23)
9 Al | Alloy Mg-9A1-2Zn
Porm Sa:::"up:dr:;:‘m Investment castings Sand and permanent mold castings
2 Zn Condition T6 T6 F T4 e T6
Frur min - kai 34 (), 25.5(0) 17 () 37 (@), 27.5 (), 19 {c) 20 34 0 4
AZ 92 A Fy mis - ksi 18 (a), 16 (&), 13.5 (¢) 20 {a), 17.5(®), 15 {c) 10 (N 10 (N 110 184N
€, min - percem E(a) (d) O.75 (1) 1()}(e) 0.7 (0)Y () 1 {d) 6 (d) 1
Hardness,
BHN - min 70 M 63 (N
. max 95 (h 93 (N
(a) For cast tensile specimens (e} In1 in gage length
(b) Average for tensile specimens (N Converted {rom Rockwell E 75-95
cut fram castings (oot bess than 4, preferably 10 spectmens) (g) In4 D
{c) For individusl tengile specimen cwn from castings () 500 kg - 10 mm ba!l
(d) In 2 in gage length (i) AMS 4434 F specifies 2 in gage length
AMS 4484 E specifies 4 D gage length
305 Fatigue Preperties
3.02 Mechanical Propersies at Room Temp e 3.J51 S-N curves for fatigue properties of alley, Fig. 3.051.
3.021  Typical mechanical properties, Table 3,021, 3.052  Shat pecning or surface rolling of castings induce residual
.campressive elresses favorahle wo Increaged fatigue life,
(8, p.36).
TABLE 3.02]
| Source 9. p.2])
Alloy 1 Mg-9Al-2Zn ix Blastic Propertica \evated
rorm Sand and permanem mold cagiings 061 :‘dudu;u.:x;:ll clasticity at room and elevated Lemperatures,
{separately cast toat hars) ‘B 5B
- 3.062 Modulus of rigidity, 2,400 kei.
Condithon E T4 T5 TS
b;-— 3.083 Poisson’s ratio, 0.35.
w 1yp - ksl F2) 0 24 40
P cyp *+ kat 14 14 14 P11 4, FABRICATION
ea (n} ryp - percent 2 1¢ 2 2
Fcy' typ - ki 14 14 _ un 4.0! Porming atd Casting . _
Fau ryp - ksi 19 19 20 22 4.011 Gen'eral. Standard fiux melting procedure is used rnr_ mag-
Frrwr yp - ksi 50 68 50 0 nesiym all_ays. Mol;en metal must ba kept covered with
Fiyrye typ - kei % 46 4% 85 flux. Crucibles having clay ag a bond are attacked by malten
Hardness, magnestum while steel crucibles are net attacked. Welded
|_8§|£ - typ 65 63 - 84 low carbon or cast steel crucibles are almost always vsed.
Impurities may be picked up from nickei steel crucibles.
Moisture must be avoided.
3.022 Effect of exposure to elel-vaxed temperature on oo m-_n- 4.012 Casting lemperature. Sand, 1350 1o 1550 F. Permanent
;e;;tzure tensile properties of atloy in T Condition, Fig. mold, 1200 to 1500 F. Ingoks, 1200 to 1300 F, (6)-
3.023  The compressive yicld strength of this alloy is essentiaily 4.02 Machining
the zame as the tensile yield strength, (8, p. 28). This alloy possesses excellent machinability.
J3.024 Swregs strain curves in tension at room temperature for
alloy in F, T4 and T6 Conditioa, Fig. 3.024. i
! 4,03 Welding
3.025 Stress sirain curves in campression 31 room temperatures Alloy has fair weldability.
for alloy in F, T4 and Té Condition, Fig. 3.025. 4.031 Allcy is welded by the incrt shielded tungsien arc method,
3.026 Tangent modulus curves in tension at Toom temperature using an AZ 92 A welding rod, (6).
s0m for allgy in F, T4 and Té Condition, Fig. 3.026. 4.032  Gas welding i used mostly for emergency Tepairs. When
O areTos attoy in F. T4 and T6 Candition, Fige 3,087 e g o ot vty Part ahowld be given
. . i VTR mersion und scrubbing in hot waier. Pan should be given
3.028 Elfect of streas concentration facior on room temperature chrome pickle Lreatment and then boiled for 2 hr in 5 pur-
n.!lch tensile strength rotio of abloy in T4 and T6é Condition, cent sodium dichromate sclution.
Fig. 3.028. 4.033  This alloy can be satisfactorily resistance welded, (6).
. dy reli afier welding, sec 4,042},
3.08  Mechamcal Properiies at Various Tempurutyres GO Sress rellere .
.01 Short time teskite properties A 404 Heating snd Heat Tredting
3,030 Sl”rtsusmnlr:m curves atFmav; nﬂn: clevatad temperarure of 4.041 Solution wreatments require an atmosphere of at least
alloy in T6 Conditlon, Fig. 3.03)1. 0.5 percent sulfur dioxide,
3.0a312 g[c:;a;;e:m:fn.pctigr: c;na;xl:;i.ie properties of alloy in 4.042 Heat treatment after welding with AZ 92 A welding rod.
3 ition, Fig. 3. . 4.0421 From T4 or T6 Conditicn before welding 10 T4 Candition
e T a2 B oy s ot
4 - - 4.0422 From T4 or T6 Conditian befare welding to Té Cenditian
3.0314 Eﬂc;: d;cﬁ tcmp;x;ag:;;,qd slr:i.n r;:;;n tensike pro- after welding, heat 30 min at 760 t0 770 F, age 4 hr at
perties of alloy in ition, Fig. 3.0314.. S00 F, (5).
3,032 Short time propertiea other than rension 4.0423  Suress :e}iei after welding, 500 F, 30 min, {5).
3.0321 Effect of test temperature on shear strength of atloy in T
Condition, Fig. 3.0321. ) 4.05 Surface Treating
3.0322 _Erreu of 1eST temperature on bearing properties of alloy 4,051 Dip ceatings (chromic acid and sodium dichramate) and
in T6 Coandition, Fig. 3.0322 anodic coatings of various kinds are used. Both types serve
i i i i thin and
3. . R a3 a base for special paints. Dip coatings are_very
3 gl %::ﬁ :rwigzpa?lnxﬁe;gzﬂﬁi Fig. 5,041 lack abrasive resistance. For service in marine atmaspheres,
3.042 lsochronous stréss strain curves for ;Iloy .Ln Tb C-mdmm anodic coatings plus paint must be used. Electroplating may
2t 300 and 400 F, Fig. 3.042 be used for high wear resistance and protection at elevated
» g 9.08L temperatuzes, (8, p.157, 136}
cove 3403
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J. 6. SESSLER

GENERAL

EK3IXN.\ is a heat treatable magnesium alloy containing
the rare earths neodymium and praseodymium
(didymjum) and also zirconium as hardeners. The alloy
is available in the form of forgings in the T6 condition
for long time service up to 450F, or for shorter
periods of service at 1emperatures up to 550F. Up to
500F, EK31XA forgings are superior to HM21A and
HK31A forgings in the TS cenditien,

1.01 Commenrcial Designation
EX31XA,
1.02 Alternate Designation
None.
1.03 Specifications
None.
1.04 Composition
Table 1.04.
TABLE 1.04
Source 4y {3)
Percent Percent
Min l Max Nominal
Didymium* 3.5 4.0 3.2
Zirconium 0.4 1.0 0.6
Magnesium Balance Balance
» Didymium, a mixture of rare earth metals, is essentially
55 percent neodymium and 15 percent praseodymium.

1.08

1.081

1.082

1,09

1.091

1092

1.093

Heat Treatment

Solution treatment: 1020 to 1030F, 1 bour, hot water
quench at 136 to 170F, (Ref 1).

Age solution treated muterial to TG condition. Heat to
390 o 410F, hold 16 hours, (Ref ij.

Selution treat rolled rings: 1020 to 1030F, 1 to 4 hours,
hot water quench at 140 to 180F, (Ref 3).

Age rolled rings to T6 condition: Heat to 390 to 410F,
hold 16 to 24 hours. (Ref 3).

Protective atmospheres of SO2 or BF2 must be used at
the solution treat temperature of 1025F, (Ref 1).

Hardnegs
At TOF: 75-51 RE
87 -7} Brinell, (Ref 1).

This alloy has a relatively low hardenability and
requires hot water quenching wo develop full properties
after selution treating and aging.

Formsg and Conditions Available
Forgings are available in the full commercial range of
sizes in the T6 condition.

Melting and Casting Practice

Standard melting proccdures normally used for
magnesium alloys are employed [or EK31XA,

The alloy is not recommended {or use in the form of
castings .

Special Considerations

This alloy developes inferior properties if quenching
rate (after solution trextment) is to slow,

Forgings with thin and extended sections should be
aveoided due to possible warping during guenching,
(Ref 1).

Etchants suitable for micro-examination of forged
material include Glycol, Acetic Glyeol, Acetic Pieral,
and Phogpho Picral. 20 to 30 percent acetic acid is
used for macroetching,

NONFERROUS ALLOYS

MgWT

2, PHYSICAL AND CHEMICAL PROPERTIES
2.1 Thermal Properties Mg
2,011 Meiting range. .
2.012 Phase changes. Alloy is subject to precipitation. 3 Di
2.013 Thermal ¢enductivity.
At 68F: 36 Btu ft per (Hr sq ft F), 0.5 Zr
At 600F: 43 Buu ft per (Hr sq ft F), (Ref 9),
2.014 Thermal expansion. EK 3| XA
2.0141 Thermal coefficient of expansion.
At 68F: 14.5 x 108 In per in per F, (Ref 9).
2.015 Specific heat.
0.25 Btu par (b F),
2,02 Other Physical Properties
2.021 Density.
0.05646 b per cu in
1.79 gr percucm.
2.022 Electrical registivity.
At 65F: 2.83 Micrehm, in
At 800F: 4.72 Mierohm, in, {Ref 9.
2.023 Magnetic properties. Allgy is nonmagnetic.
2.024 Emissivity.
2.025 Damping capagity.
2,03 Chemical Properties
{See aiso AZ31B)
2.031 Corrosion resistance, This alley is relatively free
from stress corrosion cracking.
2,032 The corrosion rate of this alloy is low in the 3 percent
NaCl zlternate immersion test.
2.033 Reference (7} s an excellent reference ¢n corrosion
protection of magnesium alloys.
2.04 Nucilear Properties
2.041 The large auclear cross section of rare earth elements
makes this alley unsvitable for suxiliary reactor
equipment where cross section is of signifigance.
3. MECHANICAL PROPERTIES
3.01 Specified Mechanical Properties
3.02 Mechanical Properties at Room Temperature
(Sce also 3.03)
3.021 Tension.
3.0211 Typical tensile properties of forgings. Table 3.0211.
TABLE 3.0211
Source (4) I (13
Alloy EK31X¥A
Form Forgings Forgings {a}
Condition TG T6
A | B
F, o ksl 32 43 42
- as
Fty , kei 26 jeac) 235
Fey. ksi - 24 22
e . percent 9 8 4
{a) Laboratory forgings, 1 Inch thick digks upset from 3 inch
diameter by 8 inch long extruded billet. 90 percent reduction,
A Forging teraperature, 600F.
B TForging temperature, 1060F.
cope 3502
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3.04 Creep and Créep Rupture Properties
3.041 Creep and total strain data for 100 hours time at 300
to 500F for forgings, Table 3. 041.
TABLE 3.041
Source 113]
Form Forgings
1 In Thick Disks 33 In Dia Wheel Hmpeller
Condition Té
. Forging Temp GOOF _ 1000F
Test Direction Axial l Tang Radijal
. {rimi
| Time. Hour 100 Hr
Temp-F 2001500 {400 | 500|300 1100 | 300 |400{300] 10
Stress for:
0.1 percent
creep, ksi 12.2{3.7 |13.0{3.5f 22 |12 § 25 |13 | 21 |13
0.2 percent
total strain, ksi |10.2f3.5| 9.43,9( 12 [10 | 12 | 9.4 13| 8.7
0.5 percent
total strain, ksi (13,55.9 [15.015.6] 20 (14 | 24 [18 | 20 |15

3.0212 Tensile and compresaive properties of die forgings and
Mg rolled rings. Table 3.0212.
3 Di
O 5 ZI' TABLE 3.0212
Source
EK 31 XA 81
Alloy EK31XA
Form Die®) 1pNed Rings from 12 in Iagot ()
Forgirgs
Condition Té T6
Direction (b} Tang Axial Radial
(notgivenf A | B Al B A | B
Fm . ksi 45 46 47 47 36 43 38
Fty . ksi 26 31 37 36 18 18 17
Fo o ksi 24 20 | 22 |18 20 | 23 21
e , percent 8 7 6 3 8 14 12
(a) Ring dimension—3 in OD by 4 in sguare cross section.
(b) Die forging data i{s based on limited number of tesis.
A Specimens from ID, OD ard surface.
B Specimens from mid radius and center,
3.022 Compression, (See Tables 3,021} and 3.0212).
3.023 Impact,
3.0231 Charpy V noich data for specimens from forged wheels
in T6 condition, Axial = 3,0 ft Ibs
Tangential = 1.5 ft Ibs, (Ref I).
3.024 Bending.
3.025 Torsion and shear.
3.026 Bearing.
3.027 Stress concentration.
3.0271 Notrh properties.
3.0272 Fracture toughness.
3.028 Combined properties.
3.03 Mechanical Properties at Varfous Temperatures
3.031 Tension,
3.0311 Effect of test temperature and test direction on tensile
properties of forgings, Figure 3.0311,
3.0312 Effect of temperatire on tensile properties of forgings
in the T§ condition, Figure 3.0312.
3.0313 Effcct of test temperature and forging temperature on
tensile properties of disk forgings, Flgure 3.0313.
34,0313 Effect of test temperature on tensile properties of die
forgings. Figure 3.0314.
3.0315 Effect of test temperature and test direction on tensile
properties of rolled rings. Figure 3.90315.
3.032 Compression.
3.033 Impact.
3.034 Bending.
3.035 Torsion and shear.
3.0351 Eifect of test temperature and test direction on shear
sirength of forged wheels, Figure 3.0351.
3.038 Bearing.
3.0361 Effect of test tomperature and test direction on bearing
preperties of forged wheels, Figure 3.0361.
3.037 Stress concentration.
3.0371 Noteh properties,
3.0372 Fracture toughness.
3.035 Combincd properties.
COoDE 3502
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3.042 Igochronous stress strain curves at 300 to 800F for
forgings, Figure 3.042.
3,05 Fatigue Properties
3.051 Fatigue properties of forgings, Table 3,051,
TABLE 3.051
urSe (1)
Form 33 In Dio Wheel Forgings
Condition|Temp[ Method Stresa | Siress Fatigue Strength
F Ratio |Concen- ksi at Cycles
ala | tmton | 40%) 108 ] 107 20®
T8 RT |Rotating | o | -1 | Smooth (17 to|13 tojllto|10 to
Beam l\'1 =1 21 16 13 | 12.5
RT | Direct [0.60]|0.2§ 27 t0 |22 to120 to}  ~
Stress 33 26 | 23
400F | Direct 23 to | 18 to]16 to] -
Stress 28 21| 19
3.052 S-N curves for smooth bar at room and elevated

3.053

3.034

3,055

s
888
-

3.083

+.01
4.011

4.012

temperatures, Figure 3.052.

$-N fatigue curves for forgings at room temperatures,
Figure 3.053.

§-N fatigue curves for notched specimens {rom forgings
tested at room temperature, Figure 3.054.

S-N [arigue curves for forgings at room temperature
and at 400F, Figure 3.055.

Elastic Properties

Poisson’s Ratio, .30, (Ref 9).

Modulus of clasticity at room and elevated temperatures,
figure 3.061.

Modulus of rigidity, 2500 ksi. (Ref 9).

FABRICATION

Sce also AZ33A

Formability

Forging. This alloy is readily forgeable in closed dies.
The propertics of this alloy are not particularly
sensitive to {orging conditions since optimum properties
are obtained by solution heat treating and aging.
Warping due to thermal trestment and quenching may

be a problem in forgings with thin extended web scctions.
The alloy has also been used in the production of
searaless rings for space vehicle and missiie programs
as stiffeners for thin walled cylinders or conical
shapes. The seamless rings are made by upsetting
cast stock, punching and drilling a hofe for the mandre!
and expapding the riag by roll forging or press forging.
Rings have also been made by roiling directly {rom

¢ast blanks with no upsetting, {Ref 3).
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4.02 Machiningr and Grinding 60
See HK31A EK31XA Mg
4,03 Welding. This alloy exhibits good weldability and no a FORGINGS
postwecld stress relief is required to prevent cracking. o T8 CONDITION 3 Di
50
4.04 Heat Treatment \\DO 05 Zr
4.041 Distortion on quenching should be avolded by careful
dexsign, \
w0 EK 31 XA
4,03 Surface Treatment _ L
4,051 Corrosion protection by surface treatments commeonly 8 FTU
used for magnesium alloys are applicable to EK31XA @ \
except dichromate {Dow No, 7}, which is not a0
recommended. More detailed information ¢n corrosion e ——
protection by surface treatment is given in E b'----—-_ZA F ~ﬂ\‘
reference (7). TY
20
1
® A REFERENCE 2
10~ OO REFERENCE §
40
e i
Z
3
2 20
4
= e
. Cmm b OO |~
=400 -300 0 200 400 600 s0C
TEST TEMP-F
FIG, 3.0312 EFFECT OF TEMPERATURE Oi¥ TENSILE
PROPERTIES OF FORGINGS IN THE T CONDITION.
(2)(6)
60
EK3I1XA
FOQRGINGS
E T8 CONDITION
& ® Ax1AL] 33 IN bIAMETER} 59
O TANG | WHEEL
O i or o e
TN 1IN THICK DISK FORGINGS
TESTS AT ELEV TEMF {40 .Ys CONDITION
v
%
': g 10
/ 2
50— 30 ™
RANGE OF VALUES
IN DIFF DIRECTIONS 30
7
| ¥
40 ! ‘ 20 "y
Fry d 30 "“O-\C ag =
30 O<
> 10 z ~—.5‘1h“\\
- > T
& .  20F ! 10
¥ B E FORGING TEMP | %
L2 - @ GUOF TY
- Q 1000F |
10
e(2 IN) |
10 o 40 —
&
. 40 o |.—o—4
o = —— i
E e 0 200 100 600
a LT | TEMP-F
100  -200 0 200 00 600 800 FIG. 3.0313 EFFECT OF TEST TEMPERATURE
TEMP-F AND FORGING TEMPERATURE ON
FIG. 3.0311 EFFECT OF TEST TEMPERATURE AND TEST DIRECTION TENSILE PROPERTIES OF DISK
ON TENSILE PROPERTIES OF FORGINGS. FORGINGS.
81} (1)
cope 3502

PAGE




MgWT

NONFERROUS ALLOYS

800

[{1] T T
Mg EK31XA
: DIE FORGINGS
3 Di 50 T6 CONDITION
0 5 Zr (LIMITED DATA)
EK3IXA 1 ™~
\‘ Fry
g
>
# 30
) F
= Al Y
17 _—"——n—-—-.‘;_\i
20 \
\t
10 :
7 :
40 T
=
g em | A
€
220 P S——
& L
Fk/
o
100 200 300 400 500
TEST TEMP-F
FIG. 3.0314 EFFECT OF TEST TEMPERATURE ON TENSILE
PROPERTIES OF DiE FORGINGS.
(&3]
copE 3502
PAGE 4

80
EK31XA
16 CONDITION
50 ROLLED RINGS | 60
# {FROM 12 IN
/7\ MNGOT)
40 5 >§\ - 50
T
=1
-
= 30 40
27\FTY
20—5—7Z 30
10 20
=
SURFACE MID RADIUS
30 [ TANG ® Q 10
AXIAL A A P
RADIAL B a
I, e
b 20
Z
Q [ ]
@ /
E 1 g e
0
0 200 400 600 800

TEST TEMP-F

FIG. 3.0315 EFFECTS OF TEMPERATURE AND

TEST DIRECTION ON TENSILE
PROPERTIES OF ROLLED RINGS,

(3}

REVISED:MARCH 1968

Frw -KSt



REVISED:MARCH 1968

Kst

“
©h

.

| 33 ¥ FORGED WHEELS

EK31XA
T8 CONDITION

F
SU
|

O TANGENTIAL

0

§ _ANIAL
200 400 600
TEMP-F

FIG. 3.0351 EFFECTS OF TEST TEMPER-

K51

60

40

30

ATURE AND TEST DIREC TION

ON SHEAR STRENGTH OF

FORGED WHEELS.
)

Q, 33 1¥ FORGED WHEELS |
Faay \QDITlo_\-

/_‘

EK31NA

N

BRY

i~

O A TANGENTIAL
® AL

r——d

200 400 600

TEMP-F

FIG. 3.0361 EFFECT OF TEST TEMPER-

ATURE AND TEST DIRECTION
QN BEARING PROPERTIES OF
FORGED WHEELS.

m

NONFERROUS ALLOYS

28

24

20

16

Ksi

12

MgWT

EK31XA
0.505 IN BAR CUT Mg
FROM LARGE FORGINGS
/ T8 CONDITION 3 Dl
"%
7| s00F 05 Zr
4
74 EK 3 XA
/e L
/ / 500F
—=
-~ L - —
P IR
%L/ e
e
7
=
/’ e i
7 i
/' 3 HR EXPOSURE P S
5 SEC pA T
: == 30 MIN ,///j" 1
—— e 1 HR -
P
——-—~=w=2HR L~ TENSION
————— — 10 HR -
0.00¢4  0.008 o D.004  0.008  0.012
STRAIN - IN PER TN
FIG. 3.042 ISOCHRONOUS $TRESS STRAIN CURVES AT 300 TO 600F
FOR FORGINGS,
m
EK31XA
30 SMOOTH BAR
RT
20
30
@ 100F
20
=)
10
20
oL §00F
or ]
10
STRESS RATIO
R=0_ g 50 __.|
ol 250 + .00z
L 2001 | o
H 1l7 W--
!
10° 103 108 167
NUMBER OF CYCLES
FIG. 2.032 $-N CURVES FOR SMOOTH BAR
AT ROOM AND ELEVATED
TEMPERATURE.
2}
cobe 3502

PAGE 5




MaWT

NONFERROUS ALLOYS REVISED: MARCH 1968
30
Mg 25 ~, EK31XA _
3 Di 33 IN DIAMETER
, WHEEL FORGING
2 -]
05 2r |.
7 O Ts
¥ @& T5
EK3IXA & 15 TESTED AT RT -
= |
B ROTATING BEAM |
= -1 —
10 e\ Uy
8
ALL SPECIMENS MACHINED
AND POLISHED SURFACES
6
10t 108 108 107 108 109
NUMBER OF CYCLES
FIG. 3.053 $-N FATIGUE CURVES FOR FORGRNGS AT ROOM TEMPERATURE,
1)
20
EK31XA
33 IN DIAMETER
NS WHEEL FORGING
15
O AXIAL
@ TAKNG
& TESTED AT RT
1]
Z g ]
o
w e
2
5 8 —
——
ROTATING BEAM CF)
6F— Re -1 y L
NOTCHED SPECIMENS MACHINED AND POLISHED
K, =2.0 SURFACES
4 — =
10t 108 168 107 10 109
NUMBER OF CYCLES
FIG. 3,054 S-N FATIGUE CURVES FOR NOTCHED SPECIMENS FROM FORGINGS TESTED
AT ROOM TEMPERATURE.
1)
cooe 3502

PAGE 6




REVISED:MARCH 1968

MgWT

NONFERROUS ALLOYS

EK31XA R Mg
33 IN DIAMETER .
WHEE 1. FURGINGS 3 Di
Té CONDITION
05 Zr
@
g s EK 3! XA
) TEST TEMPERATURE
O RT
i5 Ro9.2 @ 400F _
MACHKINED AND POLISHED
SURFACES
10
109 10° 108 107 108 102
NUMBER OF CYCLES

FIG. 3,085 S-N FATICUE CURVE FOR FUORGINGS AT ROUM TEMPERATURE AND 400F,

7
EXK31A
‘\ T6H CONDITION
6 \\ l
g E STATIC
a p
S
~5
SPECIMENS FROM RIB
OF PANE L FORGING
4
] 200 400 600

TEMF-F

800

FIG. 3,061 MODULUS OF ELASTICITY AT
ROOM AND ELEVATED TEMPER-

ATURES,

[t})

1)

KEFERENCES

1, Thae Dow Chemicad Co,, "Magnesium Forging Alloys for
Elevated Temperature Service, (April 24, 1962),
Nevicwed September 12, 1963,

2, CGilpin, 11,1, flamilten, W A_, Wooll, It F_ | and
White, 1. .., "iligh Tempe rzto re Magnesiom Foegings',
lockheed , Marictta Division, Final Technical
Engineering Heporl, ASD-TR-62-7-165, {March 1962)

4. The Dow Chemical Co., "Magnesium Rolled Ringe*,
{December 29, 1364)
4, Hallowell, J.B., and Ogden, H.R,, "An Introduction

to Magnesium Alloys™, DMIC Report 206, Baltelle
Memorial Institute, (August 26, 1964)

5. Brooks and Perkine Inc., " Light Metals Data",
(December 1962)

6. Metals Handbook, Vol, 1, Properties and Selection of
Metals, &th Edition, American Society of Metals (1961)

7. White, E. L. and Fink, F.W., "Corrosion Protection
of Magnesiom and Magnesium Alloys", DMIC
Mcemorandum 205, Battelle Mernorial Institute,
(Junel, 1965)

8. The Dow Chemical Co., "Magnesium in Aerospice
Degign”, Bullgtin 141-213,(1963)

8, Alloy Digest, "Magnegium - EKILXA",

Filling code: Mg - 57, Magnesium Alloy, Engineering
Alloys Digest Inc., (January 1965)

CODE 35_22
PAGE 7




REVISED:MARCH 1968

MgWT

NONFERROUS ALLOYS

EK31XA R Mg
33 IN DIAMETER .
WHEE 1. FURGINGS 3 Di
Té CONDITION
05 Zr
@
g s EK 3! XA
) TEST TEMPERATURE
O RT
i5 Ro9.2 @ 400F _
MACHKINED AND POLISHED
SURFACES
10
109 10° 108 107 108 102
NUMBER OF CYCLES

FIG. 3,085 S-N FATICUE CURVE FOR FUORGINGS AT ROUM TEMPERATURE AND 400F,

7
EXK31A
‘\ T6H CONDITION
6 \\ l
g E STATIC
a p
S
~5
SPECIMENS FROM RIB
OF PANE L FORGING
4
] 200 400 600

TEMF-F

800

FIG. 3,061 MODULUS OF ELASTICITY AT
ROOM AND ELEVATED TEMPER-

ATURES,

[t})

1)

KEFERENCES

1, Thae Dow Chemicad Co,, "Magnesium Forging Alloys for
Elevated Temperature Service, (April 24, 1962),
Nevicwed September 12, 1963,

2, CGilpin, 11,1, flamilten, W A_, Wooll, It F_ | and
White, 1. .., "iligh Tempe rzto re Magnesiom Foegings',
lockheed , Marictta Division, Final Technical
Engineering Heporl, ASD-TR-62-7-165, {March 1962)

4. The Dow Chemical Co., "Magnesium Rolled Ringe*,
{December 29, 1364)
4, Hallowell, J.B., and Ogden, H.R,, "An Introduction

to Magnesium Alloys™, DMIC Report 206, Baltelle
Memorial Institute, (August 26, 1964)

5. Brooks and Perkine Inc., " Light Metals Data",
(December 1962)

6. Metals Handbook, Vol, 1, Properties and Selection of
Metals, &th Edition, American Society of Metals (1961)

7. White, E. L. and Fink, F.W., "Corrosion Protection
of Magnesiom and Magnesium Alloys", DMIC
Mcemorandum 205, Battelle Mernorial Institute,
(Junel, 1965)

8. The Dow Chemical Co., "Magnesium in Aerospice
Degign”, Bullgtin 141-213,(1963)

8, Alloy Digest, "Magnegium - EKILXA",

Filling code: Mg - 57, Magnesium Alloy, Engineering
Alloys Digest Inc., (January 1965)

CODE 35_22
PAGE 7




	EZ 33 A.pdf
	HK 31 A.pdf
	HM 21 A.pdf
	HM 31 A.pdf
	HZ 32 A.pdf
	LA 91 A.pdf
	QE 22 A.pdf
	ZE 10 A.pdf
	ZH 62 A.pdf
	ZK 51 A.pdf
	ZK 60 A.pdf
	ZK 61 A.pdf
	AM 100 A.pdf
	AZ 31 B.pdf
	AZ 61 A.pdf
	AZ 63 A.pdf
	AZ 80 A.pdf
	AZ 91.pdf
	AZ 92 A.pdf
	EK 31 XA.pdf

