A8 % CoN A B % K Vol48  No.7
201248 7 %5 853—860 5T ACTA METALLURGICA SINICA Jul. 2012 pp.853-860

AZ31 8 ST FANR AR

MmO ETEAE XN K F o RFEAR
(LB RS UR TR, L3 100083)

B E RACSRLMEHTRIG T AZ] 48R Y 523723 K, FASHEEY 0.01—10 s~ &4 FRIwEIN
J1, ST T ARTEAR BERN AR R A X BN B TR AR, SRR, AZ31 S5 SR EY R E T S, 523 K mBMA
ANAL; T 723 K S EEASEARRR AR, RS R R D SRR IR TR, FES AR RS
PR RFRBEAMEEIE T WS J1. 7t Al B, @ T HT I IERX R IS R 3 IS — AR R, KRR A 240
P AR AR W BN ) AL U, PR T ARV FWBIN SRR, MAAERMNV AL E /XK. KA
WA S FMRITIN L3 A B ik B, IO 5 SEIEARSC R 0.976, SFEARRHREN 5.07%, J2B 5 1 i
BRSNS E R E LR R —

K AZ31 $AE, RERETE, AHMER, WIS

hEESHES TG146.4 NERRIRE A NEHRS 0412—1961(2012)07—0853—08

PREDICTED CONSTITUTIVE MODELING OF HOT
DEFORMATION FOR AZ31 MAGNESIUM ALLOY

SUN Chaoyang, LUAN Jingdong, LIU Geng, LI Rui, ZHANG Qingdong
School of Mechanical and Engineering, University of Science and Technology Beijing, Beijing 100083

Correspondent: SUN Chaoyang, associate professor, Tel: (010)62334197, E-mail: suncyQustb.edu.cn

Supported by National Natural Science Foundation of China (Nos.50831008 and 51105029)
Manuscript received 2011-10-12, in revised form 2012-05-08

ABSTRACT The uniaxial compression tests of AZ31 magnesium alloy at different strain rates of
0.01—10 s~ ! and different deformation temperatures of 523—723 K were performed by using Gleeble—
1500 simulator with a maximum strain of 0.916. The influences of deformation temperature and
strain rate on the flow stress were investigated. The fine microstructure is attributed to dynamic
recrystallization during compression process at 523 K. The stretched grains of dynamic recrystallization
and growth up along radial direction were founded in microscopic observation at 723 K. Considering
plasticity deformation and friction induced temperature rise, the flow stress was corrected at high strain
rate by using temperature compensation. The peak flow stress and unified constitutive model were
established based on hyperbolic sine model. Strain sensitivity of flow stress was studied to describe
the coupling of materials parameters on the strain, and then the relationship between deformation
temperature, strain rate and strain during hot deformation was obtained. Comparing with experimental
results, the correlation coefficient and average relative error of predicted and measured values are 0.976
and 5.07% respectively, it is proved that the model reflects the real deformation feature of the AZ31
magnesium alloy.

KEY WORDS AZ31 magnesium alloy, hot—compressive deformation, constitutive relationship,
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KT AZ31 Ba6a455E, HALERSr (RS
%) H: Al 2.5-3.0, Zn 0.7—1.3, Mn>0.2, Ca<0.04,
Si<0.3, Cu<0.05, Fe<0.01, Ni<0.005, H& <0.3, Mg
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B2, TEIRREE R AL AP B i T F Ak, ] LA IR
1 2000—5000 SRPACELITES, Bk 10 mL Hafi
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HIELN Sy — ENASRRZR B 1 s, FILLE N, E—Er
NSRS, P Bl Bl LY AR 4 3G i R R, A F
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BEAEIEENA R 0.1—0.5 B, F LB A5 5 2 1 1 i

1 AZ3 BASNBE LR HRIA SR 501113

Table 1 Associated parameters of hot deformation for AZ31 magnesium alloy

(8,9,11,13]

Temperature Strain rate Material Stress Activation energy Material Ref.
T, K é,s7 1 constant o exponent n Q, kJ/mol constant A
573—723 0.01—1.5 - - - - 8]
523—623 0.01—1 0.008 9.13 252.218 5.18x 1020 [9]
523—723 0.005—5 0.01 7 112 - [11]
423—723 0.01—10 0.0173 8.38 163.51 4.85x1012 [13]
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Fig.2 Microstructures of AZ31 magnesium alloy at T=523 K, é=0.01 s~! (a) and T=723 K, £=0.01 s~! (b)

(Arrows show compression direction)



856 & @

= A3 %

3 aEiTie
3.1 FEAHBIE

RN AS H R R FE A, BRI R R
PREFEE, Hi TR AR TE KR, $3
RN &R A AR R ET &, b 47 o F R
RERAZR, R —REMBERET, R
B AT B EEROR TR A R 19 1
Gleeble-1500 541, AT R FH Ak ri {8 e ) £
TR R B A DA T, AR S 0 T A5 A A TR UL
BEy 523 #1723 K BHARASIE o BE A WRETIR BE — 1V AS ih
LW 3 FrR. ATLAEH, YNAAERRKTET 1s™ B,
TR S R A SR, R IR R T, RoRKiR
FHik 60 K, [ A 15 S50 B0 X 5256 45 R B K 248
BEF/NTLET 0.1 s71 i, iEEE AR L
FEAEFEAAS, FrilEnst s i 25 g m AR/, B, 4L
TRV AS AR (1 /110 s™1) FRIR SN IR TIELE.

B AT FEFEHYHZEN Ao ATLUHE TR
s (100

oo 1 1
(1/T))€(T+AT -7 (1)

AJ:(8

X, o HEBILFRIPILRY S, MPa.

60

(a)

40t

X
=20t
<
0
-20 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
£
60
(b)
40}t
N4 -1
- 20L 1s
= 105"
s’
0 o) P £ L»<_\
\0.01 s’
-20 . . . .
0.0 0.2 0.4 0.6 0.8 1.0

&

B 3 ARZMHT AZ3L Ba &R ERAETT
Fig.3 Temperature rises AT of hot compression for AZ31
magnesium alloy at 7=523 K (a) and T=723 K (b)

MR (1) BEAIBERN 10 Ml 1 s~ ENS
— HWASRE 4 s FIRLEH, AR AR
10 s71, MiEEEN 523 K B, HKHdhN 2 kikF)
40 MPa, gm0, M&FF5 AN iR TR E
B S AR JT R R R R BB 28, XA A2 LASIE R AR TAEXS
BTG IE R B 1T
3.2 EENARMFIE
MBHE S A il B E T A e R 2 m EAEL
PR, B i 52 F i A A, Arrhenius AS# 77
FEVT LU R R AT LS | A8 TR R X AR LA B F7 Y
A N [ R e B 5 G AT S R 3 i
HEERMEE R, SREM A& SRR R REE T
FEAEH AL, AFERETE L RE. HI, X PR RETH
TN FBERRT T f €, LN AEFA A
AL 2 (B B A EAT L. M Sellars Al McTegart!M!
T HFMEIE Arrhenius 3¢ R B9RUH IE5Z BBDER IR
PR TEEEAT N, B
§ = AF(0,)exp(— ) @
RT
K, op WEMENJ, MPa; R CHEE/RSMEEL
8.31 J/(mol-K); A K EMRREFRMHEE Fop) H

240
(a) ---- Predicted
Experimental »_,_,.((52:“(
200 |- /
160 ST T T T T T R e
© L < 573K
o 120
= T -~
. ek

200

160

120 -

o, MPa

80 -

40

I I I I I I I I I
00 01 02 03 04 05 06 07 08 09

&

Bl 4 AZ31 BEE&BERMGENT - HMAEML
Fig.4 Comparisons between corrected and uncorrected
true stress—true strain curves of AZ31 magnesium al-
loy at é=10s~! (a) and é=1s"1 (b)



T

PNEIFHSE « AZ31 BEE &RV RN S TR 857

wF 3wk O
F(op) =0o™
F(op) = exp(Bo)
F(op) = [sin(ao)]”

K, na, B, o #il n B EHC WA 3N S 4E LRI
FHBAER, R (3-—5) HBIHRNERETE, B8
FEFIAHIIE 7% 7R, STk [19] #5H, X (3) BH TR
FIEBARHIRRL, X (4) TEH TN s i AL, = (5)
AEEI bk 2 B g 20722 i, K (5) RERT
RSB R ARE. l, ATERETL R
MEIEE A, o, n Fl Q ¥ NASH BRI RIS, R IZ
MARDREST AZ31 BEA S AENAR/NT 0.7 BHAY 2 77 2.
e BAG MR TATE R, BAR B A2 B %
VG FEH], Zener I Hollomon!®3) 211, ASif i BEAN
72 T AN ASTE 54 5 W T LA SR P T BE A A AR T A A T
Zener—Hollomon 2% 7 iR
Q

(low stress level) (3)
(high stress level)  (4)

(all stress level)  (5)

Z = é(_ﬁ) = [Asinh(ao)]" (6)
B Al n ZIEFFAEIT R A&:
a=f/m (7)

F3 (3, 4) HIRAK (2), PLHSFIIR F 28X,

5.2
(a) /
| ]
4.8 °
A
& 44t
=
S
=
40
3.6+
)
1.5
(c)
1.0+
0.5
3
S
€ 00t
2
£ = 523 K
0.5+ e 573K
A 623K
v 673K
10k * ¢ 723K
— Fitted line
Il Il Il Il
-6 -4 -2 0 2

In(é s™)

B o
Ino = —— — 241 (8)
ni1 ni1
Iné  InA,
o= — — 9
5 5 9)

o, Ay il Ay B9 SATRIR B T AR B

BRI & TR ERESE, 248 o Iné Al
Ino-Ing 2% VBN BUGTFA R RS5O, M 5a
b iR, HARAHIN n fl B, HATHE o {H X5
a = B/n1=0.0109. iEit AR, AT
B, VLB R AR 2 AR ROE R, TR
KRBT 0.97.

AR, X4k (6) B ARATHE, B

Iné = InA + nln[sinh(ao)] — Q/(RT)  (10)
Xt (10) RS AT BTG RE

Olné dln[sinh(ao)],

Q:R[aln[sinh(aa)]]T[ a(1/T) e (1)

WEN S — HWVAEMZELH In[sinh(ao)] 5 Iné,
In[sinh(ac)] 5 1/T ZZRWE 5c f d fPrs. *E 5
B2 R BEA TR RN, PR ANR AR 2514 T R 1 F8 5
n IRATEIEE A, FEHE (11) AREBARR M NAE T
Q.

180 | (b)
160 |
n
140
| ]
120 F .
g
S 100}
IS []
80
60
m 523K e 573K
40 A 623K v 673K
2 ‘ ¢ 723K —— Fitted line
4 2 0 2
In(é s™)
| (d)
15 .
10F
= 05t
)
3
£ ool = 0015
z e 015"
A 15"
05
v 10s”
— Fitted line
1.0F
1.4 1.6 1.8 2.0

1000/T

B 5 AREEZEMLAELEE
Fig.5 Relationships between Ino—Iné (a), o—Ine (b), In[sinh(ac)]-Ine (c) and In[sinh(ao)]-1/T (d)



858 & B ¥ M %48 &

W ERSEHUERAR (2) &, BIF[RE] AZ31 844 WT:

SRR 1A H) 56 R

Q/1000 = 156.1 + 175.5¢ + 579.1e%—
¢ = 7.465x10"[sinh(0.01095)] -3 exp[—189842/(RT)]
(12) 1692.38¢3 + 1254.5¢*

3.3 G—HIAHILRER InA = 27.7 4+ 11.3¢ + 247.6e2 — 604.2e3 + 424.9¢*
AR SR LE 52 BR 0 52 SC n=12.8 — 53.4c + 218422 — 356.2¢3 + 208.9c%
sinh ™ (ao) = In{ao + [(ao)? + 11/} (13) a=0.017 — 0.051e + 0.195¢2 — 0.3073 + 0.172¢*

HIERIR I 1 o FiRK Zener-Hollomon 23§

1 R
_ L Zim Z\o/n 1/2
o= gy (Gpm ey s

HexX (6) FRARK (14) BEER G A I7

Iné —InA + Q/(RT)
n

) (15)

1
o = —arcsinh[exp(
a

i3 LA N A D e R - SO W 1| < Naa W N i A
AT (€=0.05—0.7, [akEEHK 0.05) # o, Q, n Al InA4,
Zord ST, TR IR SRS BN AR 2 (IR — R B
$rez ) gt R BA IR 2B EUA TN
[ H R B R, UERORESF, HAHXREEAF] 0.98 DU
b 5 R R R R SRR A AR AL R
6 TR ILEr Al S0 17 2 A Al VU OR R R 2R 2

0.0155

(a)
] m  Measured

0.0150 - Regressed

0.0145 -

0.0140 -

«, MPa’

0.0135 -

0.0130 -

0.0125 -

Il Il Il Il Il Il Il
0.0 041 02 03 04 05 06 07 08

300

(c)

250

Q, J/mol

200

150 -

00 01 02 03 04 05 06 07 08

&

(16)

R ARRIR A E 2 HURAS (15) BImTf3 2448
A TRIRBINS. @H R T3 (15) MEFAIE
ZRAPH R T N, AT ARSI I B8 A Y 1 AR
SRR, (HXTERRE AT S Bk TE, SRR E AL 2 LA
FCTHRE AL B, T LA 2008 AR X R AR L B 5 ) 5.
3.4 FHRAEEAISIE

N T ik BB H 58— Ay 7 RE ST B 1 A7 Y
HERYE, RERFIAS, AR KA ERRARK (15),
FRENA R BhNY A) 5 SEFR Pl 36 280 A%iEAT T
X HG, FR ARSI R A ER 22 A T RIE.

FASR R JGE F R AT LR EM T FIE LR R
SRS, & T AR R BING 310 H1 5 LA A A R
FTLLE Y, AR R B BIME -5 SR EAR SCHRLE, AR
RN 0.976. MRALERE A RAT o PR,
Rl Ay 00 R T R e o e AR, O T VERR b R

11.0

(b)

10.5 -

10.0 -

9.5

9.0 -

55

50 |-

45

40

In(A, s™)

35

30 |

25 1 1 1 1 1 1 1
0.0 0.1 02 03 04 05 06 07 08

&

6 MRS ENERRER
Fig.6 Relationships between material parameters a (a), n (b), @ (c), InA (d) and strain



T

PNEIFHSE « AZ31 BEE &RV RN S TR 859

SEAKR S R AP TRTLE, BINTHMxTRE 50
1L E-P
b=+ Z;I 2 | (17)

K, B WWBIN LR, P B AR R (15)
THARIBIME, N VLR SRR S A8 (A LAk
H N=280), Mt T3 9L B0 2 03 B Y A i 22, AR
FAxXTERZEN 5.07%, EUIRAX (15) |/EIE AZ31 B
BRSNS RARERRE, e e TR ZHR.
IR R ASE AT B Y ) 5 LR (R X EL &l 8 BT

250

N
o
o

-

(4.

o
T
O
o]

100 | °©

Predict flow stres, MPa

[$2]
o

O Il Il Il Il
0 50 100 150 200 250

Experimental flow stress, MPa

T AR RTINS I HME 5 LR A A A

Fig.7 Correlation between the experimental and predicted

flow stress data from the constitutive equation

150
(a) Experimental
O Calculated
120 - 523 K|
90 + o o
g =2 ° %573k
=
S
60 2 2 ° ©° 9 ° 963K
0 9 90 0 o oo o o 0-0673K
s0f 22 °° 900000600 o7may
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
180
150 -
120 -
& 9Ff
=
g
60
30
0

I I I I I I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

&

a. ATAR Y, R 8d A 523 K B SHii{E iR 2%
BOK, RBEAEASEIRE R 523 K BHE BRI, T A d R
Hy 10 571 kbR, AbTRR AR AR, A R,
T FEAIME S L EAABRME. BRI, LR
B R BT BN E 5 LR (LT RE R — 2L, X358
WA TAREALRY AZ31 B S8 1 FI A4 5 R
THARAF R T EE ST
4 ik

(1) AZ31 & SAE R AT I H 3 Y T B e 738
TR BRI AR AR, 2 AR R —RE I, i3 S A
5 B B TR T R A YA B — R I, W3 Y S R AR
HRTHEMHER, R AZ31 Be5E N W ASH RHUR
bt

(2) 75 18 S od 2 AT DA R4 2 5 S B i BE
1o, N R AR S AR Bl Y. A R LB AME B IR B A,
B IR HY BRI B Y H AR E] 40 MPa; KB IERTH
BN 7 AR S R HESL T kTR0 I XL A Bl . g A
M7, SAEIE IR T AR XI AR SRR, T LA 4
R R U Bl 1 7 3o 1 R .

(3) R ZAA S RBITIGR 3h 1 1 BA B =R
BE, W5 SEMEAR R RO 0.976, FRIHHx R 2N
5.07%, SEY AR (FIE EE PO FTI0 A935E 3 ) 5 SR SR (e LT-RE
PREF—3K.

180
(b)
150 ° o o ,923K
120 +
573 K|
c
s 90
s 623 K|
60
- 673 K
o0 o o oT723K
30

I I I I I I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

210
(d)
180 | 0% °%°%9%9005,,
O
523K
150 |
573K
120 1
e 8
= & 0623K
s 90r 2 0o o
° ° 0 o ogrzk
60 O o o
723K
30}
0

I I I I I I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

&

Bl 8 AR R AR T O 3 B 5 SR fE X
Fig.8 Comparisons between the experimental and calculated stress from the constitutive equation at strain rates
of 0.01 571 (a), 0.1 571 (b), 157! (c) and 10 s~ (d)



860 & B # & %48 %
SE K 900)
[12] Zhang X H, Cui Z S, Ruan X Y. J Shanghai Jiaotong

(1]
(2]

[10]

[11]

Liu Q. Acta Metall Sin, 2010; 46: 1458

(X R &R, 2010; 46: 1458)

Xiao P, Liu T M, Jiang D. J Chongqing Univ (Nat Sci
Ed), 2006; 29(11): 81

(H B, XIRHE, £ . BRKEER (BRBR), 2006;
29(11): 81)

Guo Q, Zhang H, Chen Z H, Yan H G, Xia W J, Fu D F.
Nat Sci J Xiangtan Univ, 2004; 26: 108

(3 8, 5Kk M, BRiR4E, ML, EARE, MER. MERFER
Blazszdp 2004; 26: 108)

Carl M, Korzekw A C, Cerreta E, Lopez F. J Miner Met
Mater Soc, 2004; 56(11): 31

Takuda H. J Mater Process Technol, 1998; 80/81: 513
Galiyev A, Kaibyshev R, Sakai T. Mater Sci Forum, 2003;
419-422: 419

Barnett M R. J Light Met, 2001; 1: 167

FanY G, Wang L Y, Huang G S, Huang G J. J Chongqing
Univ (Nat Sci Ed), 2003; 26(2): 9

(FEKHE, HES, O, 3R, ERXEEHR (BARER),
2003; 6(2): 9)

Wang Z T, Zhang S H, Qi G X, Wang F, Li Y J. Chin J
Nonferrous Met, 2008; 18: 1977

(EB, sktk, 557& £ JF, FHE. FTEAFREREFEN
2008; 18: 1977)

Huang G S, Wang L Y, Huang G J, Lu Z W, Song M J.
Met Form Technol, 2004; 22(2): 42

(BB, R =, BOENR, FE3, REE. €BBUETLL, 2004;
22(2): 42)

Guo Q, Yan H G, Chen Z H, Zhang H. Chin J Nonferrous
Met, 2005; 15: 900

(38 3, JRALE, BRURAE, K M PEAESEY, 2005; 15:

(13]

(14]

(15]

[16]

(17]

(18]

(19]
20]
(21]
(22]
23]
[24]

25]

Univ, 2003; 37: 1874

(R5E%, BIRIL, PLEH. RREISE SR, 2003; 37: 1874)
Yu K, Shi T, Wang R C, Li W X, Wang X Y, CaiZ Y. J
Cent South Univ (Sci Technol), 2008; 39: 216

(& B, ¥ & EHA, BICH, FhiE, EEE. PrEREE
i (ERBEED), 2008; 39: 216)

Sun CY, Liu J R, Li R, Zhang Q D, Dong J X. Real Met,
2011; 30: 81

Luan N, Li L X, Li G Y, Zhong Z H. Chin J Nonferrous
Met, 2007; 17: 1678

(G5 %, B E, 20, ik PEAGSEEM, 2007; 17:
1678)

Luo Z J, Yang Q, Ji W H. Chin J Nonferrous Met, 2000;
10: 804

(Bt 1K, Eyk PEAESEFM, 2000; 10: 804)
Zhang W H, Zhang S H. Acta Metall Sin, 2006; 42: 1036
(IRARLL, kR &R, 2006; 42: 1036)

Wang Z X, Liu X F, Xie J X. Acta Metall Sin, 2008; 44:
1378

(R, NTE, HEs. £B4iR, 2008; 44: 1378)

Sellars C M, McTegart W J. Acta Metall, 1966; 14: 1136
Mcqueen H J, Ryan N D. Mater Sci Eng, 2002; A322: 43
Gronostajski Z J. J Mater Process Technol, 1998; 78: 84
Whittenberger J D. Mater Sci Eng, 1986; 77: 103

Zener C, Hollomon H. J Appl Phys, 1944; 15: 22

Sun C Y, Liu J R, Li R, Zhang Q D. Acta Metall Sin,
2011; 47: 191

(PNEIRE, XU, 25 i, SKIEAR. @B%M, 2011; 47: 191)
Ismael A M, Ahmed H, Johannes R. Mater Sci Eng, 2009;
A504: 40

(Frz%dt Hi4)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


