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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
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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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OF SHEET AND PLATE.

)]

NOTE: Data are based on the lowest strength orien-
taticn whether longizudinal or transverse.
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