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Effect of Water Environment on Fatigue Behaviors of
Magnesium Alloys

Kazuhiro KUSUKAWA™*? and Ken-ichi TAKAO

** Department of Intelligent Mechanical Systems Engineering, Kochi University of Technology,
Tosayamada-cho, Kami-shi. Kochi, 782-8502 Japan

Fatigue characteristics of two kinds of magnesium alloys; AZ92A casting plate and AZ31M
rolled plate, in air and in purified water have heen investigated. Plane bending fatigue tests were
carried out and fatigue crack initiation behaviors were observed successively. In the air, S-N curve
for AZ92A was continuous curve type, however, the one for AZ31M was bi-line type with fatigue
limit, because it has a non-propagating microcrack at the fatigue limit. In the water environment,
the fatigue strength decreased for both alloys. The tendency of degradation was remarkable under
long life region and the fatigue limits decreased by ahout 509 of that in the air. Crack growth tests
under push-pull loading were carried out with center notched specimens. For AZ92A, crack growth
rates were found to increase with water environment. However, for long crack their growth rates
were lower than that in the air because of crack closure by wedge effect of a corrosion product. Such
a effect of water environment on crack growth was not much notable for AZ31M.
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Magnesium Alloy
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Table 1 Mechanical properties of materials.

Proof | Tensile . ;
Elongation | Young’s
S?fsf stx?gth modulus
Mlgg MII% % EGPa
AZ9A 148 282 70 43
AZ3IM | 103 229 270 48
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Fig. 1 Dimension of fatigue test specimen.

HIZ1 pm DTNV IFTAFBMIC L 0L Bl B4
AR CREB AR R Vo, T & B
5 E YRR PRI 2B & BV V- SHE
1 100X 34X 5 mm OE SR THRIZIE 05 mm &
E 3mm ORY v hEDIT . RBEEMTHS
3IM B L TR A R A& A & —Ed
RN R (=

2-2 EERZ  ESFRICITEEmiS RS AR
(B8 D Nm 2R SEsE R RaT
BROY Aok CATHK) e U, MUkEREs
TCORRBRMFRBI UK A0 50 mh TET L7278
PAToT IS RiT—1 DATHRY, (R U5k
20 Hz O T Toln. ET-, 9 STBEXE
V) IR X 0 R CEER LT

o & BURTABRITIE S — R (B R
10kN) ZR, #sRLBIERDHE F Ciiieo7-. 3R
BRERBI IR AR L U < SRS S Uk &
U7z, BBz 7 7 U VIO T v o S—% Y 415,
UK AABER S W5 Z LI L W UKEREED TR EAT
S RIZ0O& 03D 2FBEE L, KEPTIL20 Hy,
KTl 2Hz OB LR & L7z,

TETEER AT EE T RERESECEM) £ By V-

3 HEMER

31 SEFTEE X 2 ESRBRIC R ASE
MRoa. CHEEEES NOBIR (SN #if) 277 RA
DREFNZINS DT — 2 [TAEROZHRE L bt
WO Uiz, Nedd 108 R FOATRE Gz
T PA DFEFHHED 3IM DENL D b 20MPa F2E
BV E - RADES, NS 107EE T SN ik
FEIRHERTR ENDS, 3IM TIT 1RSI RS
PR, FEREMTORRR AR LI SN BRI ERE
BHTDH2ADERTCRTIENTED., ZDLH %
BNV B8 Mg AR O—0sEh©h

_‘..\_a

o N &

& o o
T

@

]
]
1
4

[o:]
o
a

N
g T>
I O AZ92A(Un-notched) in air AN
F © AZ92A inair e = b
@ AZ92A inwater
F O AZ31Minair E
B AZ31M inwater

" "

0 " "
10° 10* 108 10° 107 108
Number of cycles

n
o

Stress amplitude o, MPa
n 2]
o o

Fig. 2 S-Naurves.

— 144 —




RIAVYLEGEOEFEMIRITIAKBREDORE 1739

BEBRTCNER, HBICik~3 & 912 31IM I
SRR EENELDZ L SBEL WA, F, B
R 92A 00578 31IM & ¥ b9 30%FEE R -T2,
—7%, MUKBHE T COREFREICBE LT, mishe
MICERITZ LA LR ONRD T Thbh, BF
I BIF CBREEOREN K E 22 DIEFTREDIK
TR bR L AT, EHTRET 92A TK

THTOEIIEAT 47%, 3IM T 61% Th-o7z.

32 IR EFFEET) 31T 3IM TR B K
L ga = 100 MPa TOH S & S A B OERHRES
FEREZTRT. 3IM TS HOREERE LI FERMIC
BOTEEOTRYERFEL, ThOITR> TES
XTUMFAE 7=, 92A 10\ VCIIREROC F e %
TTITHRE LTS, TbbifsEt Thod 2A 1T
o A8 & Z ORI MgnAbe P NEGAOATH L7348
Mk ET LR, EHBREL Y »R0EV 0, TiE
3IM & RIBEIZ o A U D Erloin > TR &
ZINFEAET S, [ 3 1TR LT 3IM OBFA, 92A 1Tk

N=10X 10 15X10°

NRTBEEND TR EOENEL, FOEHAL R
ZDDIFHETH .

4B IUBS5IZ 92A BLU3IM OfvKHIZIST
DI ERGERE A TN TIURT. RA DS,
RO ERFAEBRIIATF LA U< BN
DHENS TENRAT BN, WL ODOIBER DL RS
Nz £29, EEBRETHREREATIE, HicERHE

T2 B AR LGN IR 3B SR,

F77, HHEAMERS SRR TR Th S RRAEIIT
BEREINOEOERICTAEL, KREhThgsi
BERY 220K 5 TN A\ EHeEE LONTEY
DORETHERGEBESN. T72bb, flvk
PR LEFRIC L VA U0 2EE b Eh,
RS HHRIE T T HASE DT BT RV ERCE S
ENERT DD, BELEFEENMET LIZEEX
L5,

—77 3IM TiIKR&GH & HTFEZ IR 72T~ 0 &
PEE SN, FINLIENRRET B Lo

E
Fusin

30X10°  20um

Fig. 3 Successive observation of crack initiation for AZ3 1M in air (o= 100 MPa). Loading axi
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Fig.4 Successive observation of crack initiation for AZ92A in water (5= 60 MPa). Loading axis
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Fig. 5 Successive observation of crack initiation for AZ31M in water ( 5,= 80 MPa). Loading axis
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Fig. 6 Fatigue crack growth rate for AZ92A.
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Fig. 7 Fatigue crack growth rate for AZ31M.
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Fig, 9 Successive observation of non-propagating crack for AZ31M in air (ca=65 MPa). Loading axis
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Fig. 10 Relationship between crack growth rate and
effective stress intensity factor range for AZ92A..
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Fig. 11 Relationship between crack growth rate and
effective stress intensity factor range for AZ31M..
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Fig. 12 SEM microgtaphs on the fracture surface of specimens tested under R=0.0.
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