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For magnesium alloy ZK60 with different heat treatments, controlled plastic strain amplitude fatigue tests were conducted.
Effects of twinning and aging treatments on fatigue process were investigated by analyzing the second derivative of hysteresis
half-loop. It is found that during compression the convex peak appears at the strain where twinning begins. It is also found that
during tension the convex peak appears at the strain where detwinning begins and the concave peak appears at the strain where
slip begins to be predominant. Analyzing the strain at the convex peak in compression at the plastic strain amplitude of 6 x 1073,
for solution treated material and over—aged material twinning hardens with increasing cycle. On the other hand, for T6 material
twinning softens from 5 cycle to N;/5 cycle and then hardens from NV;/5 cycle to N;/2 cycle. It was suggested that residual twins
cause twinning hardening. It was also suggested that cut and dissolution of rod-like precipitates should cause twinning softening.
Due to different states of precipitates of materials, the twinning softening appeared for only T6 material at the plastic strain am-
plitude of 6 x 10~3. Moreover, the softening were not found for T6 material under the plastic strain amplitude of 4 x 103,
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Table 1 Chemical composition of ZK60.

Element Zn Zr Mg
(mass%) 5.5 0.56 Bal.
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Unit: mm

Fig. 1 Shape and dimension of test specimen.
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Table 2 Mechanical properties of ZK60 alloys.

Material U.T.S., 6max/MPa Hardness, H/N Elongation (%)
450°C 281 5.5 33
T6 380 7.0 31
OA 268 5.6 29
4.7x10%
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Fig. 2 (1120) pole figure of ZK60 (450°C).
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Fig. 3 Stress—Strain hysteresis loops in N;/2 cycle at the plas-
tic strain amplitude of 6 x 103,
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Fig. 4 Hysteresis half-loop and the second derivative (a) in
compression and (b) in tension in N;/2 cycle at the plastic
strain amplitude of 6 x 103 (450°C).
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Fig. 5 The second derivatives of hysteresis half-loop in com-
pression in each cycle at the plastic strain amplitude of 6 x 10~3:
(a) 450°C, (b) T6 and (c) OA.
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Fig. 6 The second derivatives of hysteresis half-loop in com-
pression in each cycle at the plastic strain amplitude of 2 x 10~3:
(a) 450°C, (b) T6 and (c) OA.
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Fig. 8 XRD patterns from the cross—section cut perpendicular to the extruded direction of specimens: (a) non—cycled and (b) N;/2
cycled at the plastic strain amplitude of 6.0 x 10-3 (450°C).
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Fig. 9 XRD patterns from the cross—section cut perpendicular to the extruded direction of specimens: (a) non—cycled and (b) N;/2
cycled at the plastic strain amplitude of 6.0 x 103 (T6).

9000 . . . T g 9000 . . . . . ' . T
I (11-20) ] ]
8000 @ - 8000 (b) i
7000 E 7000 B
m i 1 @
o 6000 - E o 6000 - —
= 5000 | 1 &
<, 5000 - E <. 5000 - —
= I 1 =
P 4000F  (10-10)(0002) (10-11) 1 2 4000F (o 10)(0002)<1o 11) )l
(O] I 1 [} 4
g 3000 — — E 3000 —
2000 | . 2000 - (11-20) .
1000 | n . 1000 | l j .
O o o o Jl) - o - - o 0 o am JO ‘0 - A, o
20 30 40 50 60 70 20 50 60 70
20 26

Fig. 10 XRD patterns from the cross—section cut perpendicular to the extruded direction of specimens: (a) non—cycled and (b) N;/2
cycled at the plastic strain amplitude of 6.0 x10-3 (OA).
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B LD, U—=27 10V 7 FRHERTES. SEMmMEMN
DY 7 MIMERPREEIC 75 Z &, KEMEM~DY T
FRBERABEZIC LT LRt S50, BRI
IR 72 52BN & L CRB SR AN 5 7200, BRI
BH e HERN & L TR A REEIZ LTz B DR
LEAMSNHREET 57-0TH5 LH#HIT 5.

(3) 3FBIOMHIRAEDFE N LV, WHETEIRIE 6 x 107312
F T 450°C #1% OA #Tid Y A4 7 VI FE, BE T
AR5 Z LRSI NS. —HT, T6 M T N/5
YA 7V E CWEHBIIERH 55, TN RELIE
PRFEI D EPRBEIND.

(4) T6 MiZH\\C, HEEIER6x1073 L EO%A, Ik
(OB B A IR & WO THH B EEEOR BB K X <
0, BEEEPER I BERPEND EE 2D, WEE
IRIE 4x 103 LU F OB G, BEOBEHEN LB/ NS VD
THTHYEBIEOMBER NS 720, BRERPED TS
HEHEAHN I NDO TR W EEZ L.

BRI, KR ZTOICDHID, HLOTIHRER W2 E
T L/CBHE M A B RHEAR, RSk Uy
B - MR SIS BICESELB L EFEd. %
TARBIRIERRERELD - 2 & - O EHRTOTEEIC & -
TfrbhE L7z, BRESICE#HOBELRL £7.
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