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SUMMARY

This study was to investigated of effects of stress ratio and anisotropy on
fatigue crack propagation, and corrosion potentials of a magnesium alloy. The
experimental material was a commercial AZ31B magnesium alloy rolled plate
with a thickness of 12.5mm

The fatigue crack propagation rate tests were conducted on compact
tension specimen, by a servo—hydraulic fatigue testing machine under the load
control in laboratory air at ambient temperature. The compact tension
specimens with 50mm width and 12.5mm thickness were prepared from
as—received plate. The fatigue crack propagation directions were perpendicular
and parallel to the rolling direction, i.e. LT and TL orientations.

The test condition was a sinusoidal load wave with frequency of 10Hz.
Stress ratios were 0.1 and 0.7. The fatigue crack propagation rates were
automatically obtained by a compliance method.

The fatigue crack propagation rates of both LT and TL specimens were almost
same value. The fatigue crack propagation rates of low stress ratio were more
than that of high stress ratio in low AK region, but high AK regions were almost
same value.

For corrosion potential of magnesium alloy, the electrochemical corrosion
potential (Ecor) and current density (I.r) were measured by the dynamic
polarization method using a potentiostat under NaCl solutions and distilled
water.

The corrosion potentials were —1.25V(vs. SCE) in 3% NaCl solution and -1.05V(vs.
SCE) in distilled water.

On fracture surface analysis by SEM micrographs, it expressed the quasi—cleavege
fracture surface in low AK region and straight mark on the aspect of the facet in

high AK region.
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Table 1 Standard Electrode Potential

Electrode Reaction

Standard Electrode
Potential V'(V)

!

Increasingly inert
(cathodic)

Increasingly active

(anodic)

|

Aut 43¢ Au +1.420
O, +4H " +4e —2H,0 +1.229
PP +2¢ — Au T lad
Ag" +e —Ag +0.800
F3t +e > Fet +0.771
O’ +2¢ —Cu +0.401
2H " +2¢”—H, +0.340
Py’ +2e"—Pb +0.000
Sn?* +2¢—5n -0.126
Ni?* +2¢"—Ni -0.136
Co*t +2¢7—Co -0.250
C** +2¢-—Cd -0.277
Fe?t +2e = Fe -0.403
Co*t +3e”—Cr -0.440
Zn*t +2e —In -0.744
AP +3e Al -0.763
Mg*" +2¢—Myg -1.662
Na™+e —Na -2.714
K +e —K -2.924
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Fig. 2 Schematic variation of fatigue crack growth rate

as a function of AK
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Fig. 3 Terminology for alternating stress
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Table 2 Chemical composition of AZ31B (wt.%)

Al /n Mn Si Fe Cu Ni other
2.5 0.6 0.2 Max Max Max Max max
~ 3.5 e =710 0.10 0.005 0.04 0.005 0.3
Table 3 Mechanical properties
Op 00. Elongation
(MPa) (MPa) (%)
LT 255.0 176.9 22.2
TL 256.2 177.6 22.5
i b
£ - L3 P e L
o [
cal

Fig. 4 Tensile test specimen
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strain in mm

(a) LT

15

strain in mm

(b) TL

Fig. 5 Stress-strain curve
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I (10 o2 g,
K*=E( (10)
o 7]o A Ex 9 E(Young's modulus)©] t}.

2 1/2
K EP d\

CTANEHAHS o= Hstd W, B, E7} dAs2E (11)4& ofef ¢} o] Mdo]
7} &kt

K

" 1/2: l d(BE)\ 1/2
PBW [27d(a/I/V)] (12)
(12)2) of] A
202
v = [ QKP#Vdm/m (13)
w
ﬂf--—fi—ﬂma) (14)
w 2K’B*W
-%=q+q%+q@q@+qw+q@ (15)
A S— (16)
(BEN) +1

AZ ol 2o o Fddol= ¢ (15), (16)2 ] 93] atetg 1 A
S Table 4] YERH AT

il
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. AP (2+C¥) 9 3 4
AK=— T Q)" (0.886 +4.6a/ W—13.320" +14.720” — 5.6 (17)
Table 4 Regression coefficient
G G a G, G G
1.0010 -4.6695 18.460 -236.82 1214.9 -2143.6
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Fig. 7 Compact tension specimen
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Rolling direction (L)
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Thickness (T}

(a) LT

Fig. 8 Anisotropy
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Fig. 9 Fatigue testing machine
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1=
n
5o B354 YHdY. Fig 10@e 3% NaClgeje] 74§ H4d9%
-1.25V(vs. SCE)°]t}. Fig. 10(b)2] 2% NaCl& e 745 F2Hd9e -1.49V(vs.
SCE)Z JEwen w3 Fg 1009 FFFe AvoldE R

-1.05V(vs. SCE)°|t}.

Table 5 Corrosion electrode

NaCl 3% 2% Distilled water

Ecore(V) Fl.25 -1.49 -1.05
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Fotential, E ws. SCE(Y)

— 3% MaCl

&— Eeon=-1.25V

-B -5 -4 -3
Current Density, log | (Mcmzj

(a) 3% NaCl
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Fotential, E ws. SCE(Y)

— 2%MNaCl

Ecorr=-1.49V

5 5 4 3

Current Density, log | (Mcmzj
(b) 2% NaCl
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Fotential, E ws. SCE(Y)

— 0% MaCl

<—— Feor=-105Y

7 -F 5 -4 -3
Current Density, log | (Mcmzj

(c) distilled water

Fig. 10 Polarization behavior
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