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A study on the creep properties of AZ31 magnesium alloy

and creep life prediction of a short time

Sung-Ho Jun

Graduate School of Mechanical Engineering,

Pukyong National University

Abstract

As the machine industry develop recently, the use of the serviceable material is
increasing. A study on development of magnesium alloy and high creep
characteristics and rupture life prediction was advanced actively. However, there
are very few studies on high creep life prediction of AZ31 magnesium alloy to an
initial strain method(ISM). Thus, in this study was investigated about relationship
expression of creep stress vs steady state creep rate and relationship expression
of creep stress vs initial strain, relationship expression of creep life vs initial strain
through high creep experiment of AZ31 magnesium alloy. And then, creep rupture
life prediction expression was investigated by ISM.

The creep deformation will investigate about the activation energy Qc and the
applied stress in the temperature range of 160~180C and stress range of

109~141MPa.
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Table 1 Chemical composition of AZ31 (Wt.%)

Alloys Al n TMn Fe Ni ( Si Cu Mg

AZ31 3.10 1.07J_O.30 0.008 <0.001J_<0.005 <0.005 | Bal.

17 19 17
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i

Fig. 3 Creep specimen
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Table 2 Experimental creep data

Temperature | Stress | Initial strain | creep rate | Rupture time
(©) (MPa) € o (%) s (hr)
109 0.43 8.35<10" 195.28
150 125 051 1.55x10° 50.07
141 0.59 3.81x107° 20.73
109 0.48 BESAD, 85.47
160 125 0.56 3.16x10° 23.83
141 0.62 7.98%107° 9.98
109 0.51 1.44x107° 52.07
170 125 0.6 6.10x10° 13.05
141 0.67 1.48%107° 5.23
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Fig. 6 Creep curves at 150C
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Fig. 7 Creep curves at 160C
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Fig. 8 Creep curves at 170C

4.1 Ao|Z EAselvR] S92

Fig. 9% $30] 109, 125 ¥ 141MPa, %7} 150~170C¢1 Z713}el A <]
HEHEET 2ol WAl vERR Alojth o7)A, dis WEEY &%
Atelo] FAlNA Fgk Z1& 719k dnk 7R R)S weke] 150~170C %7
st A st duAE Atk Z2b el gl sl EdsteluAe=
122.9, 11852 % 114.11kJ/mole® 3+=|= iz 118.51kJ/mole® HEFR
ok mEgh A7 MgZlA QbellA Sk wjo] ghgst ouA] gk

143kJ/mol®  &elx] Yok E Aoa AFE 150~170CS 1S



Sherby$} Burke?] 1ol 2J3] T<0.4T,9] Zolmz Auxfel] o) W

_10 T T T T
¢ P=109Mpa
B P=125Mpa
-11 F A P=141Mpa
_12 -
Z 13
-W
=
_14 -
_15 -
-16
2.24 2t 2.3 P 383 2.36 2.39

1/T*1000(K™")

Fig. 9 Creep rate vs. the inverse of temperature

for AZ31 magnesium alloy

42 TR Sx9) 29 924 4

Fig. 102 2= 150~170ColA Aol &ieet o=ae] S vehd
Zelth. A7IM, S84 = T8l s A (9F o183 27t

150~170C, $2o] 11.14~14.32kg/mm?¢l ZANAM 9] S&Hx]|4=gk> 717}

_20_



9.97, 9.71, 9.550.% ¢F 9.63°2.2 YElty A g2 5P EY O

5
& gele) aaEelN JHe] 7187]% FART, 5o} S7hee] we 1ha

T
- 13
=
-4
s b * T=150C
B T=160°C
A T=170°C
-16
2.35 2.45 2.55 2.65

Ino (kgy/mn)

Fig. 10 Stress—dependent of creep rate under 150~170TC

Sherby®} Burkeo] &7tol] oA Fgjo]Ze] ME7| -5 Ay 3 5= 9l
Ag]o|x &wo} Hakg2o] #Al= Fig. 11914 Wi npe} o] 3719 #3t

o gtk & 195 NG e WIEEIL S0 nol WSk Jow B

¢

A& Fglo]X WY = “power law of creep”o]g} gt} thA] wabd, A

[ FHollM= 0.8T, olde= 2bo] 2 Weds FEskal ¢HAT nak>

_21_



7} 0.5T,°|

KA

1
.

o] Hrh Al Mgl

o] Zol| A%l

o]

}‘\l_

3

QF

i A

3|

[ 992 Nabarro'®¢} Herring'”el] <]

ol

t} A D992 Weertman, Barrett®} Nix, Lagneborg

Weertman¥} Friedel?] #¢]

1A = Al 4 (133 2k

of 29

' 5

3

(13)

A3t

=13
=

(vacancy)°] It}sHA

T
o O

3

H el 4

=zt &

2ol

t} oL

o] &l

v

FH Barret®} Nixe] A9 F1 A7 9]

S

h8s

srkaL 714

SLl

sfelrle] FEE 4 149 2k

_22_



C = Co exp(—Nobz /KT) .................................... (14)

Ao Se= FEe] FEHlel HlEskal vt o] 4 (15), (16) 2=

¢ = KC, (exp(—~Nob> | KT) — exp(~NOb* / KT)) -+ (15)

& = K'SINh(NOB® | KT) wwereseesvrssrnnssenieneeinaeniennn, (16)
Sxh Ul Wi edo] AxE A (1P ekl & ok

£ = K'eXp([Ba) -+rmmemsmansineinirasi (17)
21 (17)& Sherby ¢} Burke®] o]2ol oJsl| A| M <ol sliggict,

B A ATNA Fig. 10& BEHA 150~170CAA = 249 S8A¢ 3o

Thax

M

Al

v

AEAAL, el gk 5 e A NS,

_23_



Log ¢

Log o
[:T>0.8 Ty, Stress directed diffusion
II: T>0.5 Ty, Dislocation climb. ¢ =Ac"
n=95, Qc=Qud
Dislocation glide
n=3, Qc< Qsa
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Fig. 11 Influence of stress on steady state creep rate for a

typical pure polycrystalline metal
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Table3 Relationship expression of creep stress vs steady state creep rate

Temperature(C) Predicted equation
150 logo=0.1041log ¢+2.7
160 logo=0.107log ¢+ 2.69
170 loge =0.109log ¢+ 2.67
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Table4 Relationship expression of creep stress versus initial strain

Temperature(C) Predicted equation
150 loge =0.81loge o+ 2.3
160 loge =0.8%log € o+ 2.3
170 loge =0.93log € o+ 2.3

Table 49 gl Aox] 7] ANFE Aele]= $n NPH o2 HA

gegel FATE & 5 9

o714, A, BE A=, 259 d=0]a, A (19« 4 (12)¢ sAlds &

=

o)
A
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Fig. 13 Relationship of creep stress versus initial strain

for AZ31 at 150, 160, 170C

4.3.3 Fgo|x Fg3} 27| AAETe] A4

Fig. 14+ 150~170TCelAe] Age]xx 3t 7] AXEI ] FaAS

Uebd Aolvh. el s AZ31S 22k g4 dAIE Heolal, 1o o

rob

AgAe thest Pk

_28_



2.5

15

1.0

Rupture time, tr(hr)
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OO 1 1 1 1
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Initial strain, €,(%)

Fig. 14 Relationship of creep life versus initial strain

for AZ31 at 150, 160, 170TC

Table 5 Relationship expression of creep life versus initial strain

Temperature(C) Predicted equation
150 logtr=11.5(loge )+ 0.36loge + 0.6
160 logtr=18.9(0g e )+ 2.2 loge .+ 0.7
170 logtr=12.7(log € ,)*~ 3.24loge ,~ 0.23

Table 5 oA Z7|AAEL 2 2F o] H oA FAglo]x i} g4
S-S & 479131, Table 59l tg A& logt,—loge 7} 224 ¥

olm theat o] wals} A2 5 ek
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Fig. 15 Relationship between Larson—Miller parameter and stress
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Table 6 Data of creep life prediction

Creep life by
Temperature | Stress | Initial strain IMP | LMP-ISM ISM Experiment
T(C o (MP o (%
() (MPa) & (%) & () & () & () t ()
109 0.43 351.72 | 256.93 | 157.78 195.28
125 0.51 82.96 63.47 40.87 50.07
150
141 0.59 23.29 21.18 16.17 19.73
109 0.48 100.55 98.57 83.36 85.47
125 0.56 24.52 24.7 21.46 22.83
160
141 0.64 7.09 8.65 9.1 9.98
109 (85 1 30.42 50.07 72.93 52.07
125 0.6 7.66 11.56 13.85 13.05
170
141 0.67 2.28 B 1 5.18 5.23
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Fig. 16 Comparison of creep curves for AZ31 magnesium alloy with

ISM, LMP-ISM and empirical data at 150,160 and 170C
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Fig. 17 Comparison of actual rupture time and calculated rupture time for

AZ31 magnesium alloy by ISM at 150, 160 and 170C

_36_



4.4 SEME o] &3 vAzZ &z A3

B Ao = HITACHIONA AZFsE «S-2700720 SEM(Scanning Electron
Microscopes, FARIAFAN)S o]8-sto] AF Aol sphebi o] vjAzzE
e Fig. 18~23& 2=wste] & spdils BHojFal gloh

Fig. 18~202 58 109MPa, 2% 150~170CelA sehde] e dA

shajsh W|gkal 7L EAske e wolw Q. ol wet 3

rﬁ
rtH
ikt
S

olil glor] 2wl W] ujel 7)Fo] olF st FHS B 4 ok,

200um ! Electron Image 1

Fig. 18 SEM of AZ31 alloy at 150°C and 109MPa
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200pum Electron Image 1

Fig. 19 SEM of AZ31 alloy at 160°C and 109MPa

200pm Electron Image 1

Fig. 20 SEM of AZ31 alloy at 170°C and 109MPa
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Fig. 21 SEM of AZ31 alloy at 150C and 125MPa

_39_



200pum L Electron Image 1

Fig. 22 SEM of AZ31 alloy at 160°C and 125MPa

L 200um . Electron Image 1

Fig. 23 SEM of AZ31 alloy at 170°C and 125MPa
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