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Abstract This study proposes improved welding tools for magnesium alloys. Two types of tools were used for
friction stir welding (FSW). The effect of the welding tools on the FSW joints was investigated with a fixed welding
speed of 200mm/min and various rotation speeds of 400 to 800 rpm. After FSW, the joints were cross-sectioned
perpendicular to the welding direction to investigate the defects. A tensile test and Vickers hardness test were
conducted to identity the mechanical properties of the joints. Defects were observed when the rotation speed was 400
rpm, regardless of the welding tool, and the amount of defects tended to decrease with increases in rotational speed.
Defect-free welds were obtained when the rotation speed was 800 rpm. The best weld quality was acquired using
the C type welding tool. The rotation speed of 800 rpm and welding speed of 200 mm/min produced the best joining
properties. The ultimate tensile strength, yield strength, and elongation of the welded region were 90.0%, 69.1%, and
83.2% those of the base metal, respectively.

Keywords : Friction Stir Welding, Magnesium Alloys, Micrography, Mechanical Properties, Tool Geometry

P rRe dudnsEdrd a7 AR S50
Correspondlng Author : Jung-Seok Kim(Korea Railroad Research Institute, KRRI)
Tel: +82-31-460-5663 email: jskim@krri.re.kr

Received September 7, 2016 Revised September 22, 2016
Accepted October 7, 2016 Published October 31, 2016

280



naRkE £ WSl o vl 3F o4E X uhRankg gy 14" 84 9ot
1. M2 5o AEE BAst 71AA 2SS AT 9
T kS EAEgiTh
wEaA el s AsiM e 84 T80l =7HAE
aftk. 71&e] &584H A5 $LT Y(solidification
cracking) 2 8}t A(liquation cracking) 52| A A 2. AE
S #As7] ofEsleh ANt e 84 7]l
k] - &4 T Al 2AlolA o] W R o AREE &A= AZ61 WELvlE e
A 7] Wiel &§8H-dAe EAME S5 ¢ AR UMl 50mm, Ze] 145mm 1E]al 7

sttt

vl w84 (Friction Stir Welding, FSW)2 372
The Welding Institute(TWI)ll 2Ja§A] 7]&2] npz-8-4
P Al 2S84 FAolrh nhE ik <]
Fefel 84 Eol S wet o

. ol9f Zo] &4F 30
Jﬂr“ o] g gl el
wAEkA] k7] wiel 313H4
71E2 H7HET.

43 E(Welding tool)> vFEuHHE% FHo lo]
A SN FFS Bol mAE shifoltt. &4
E-2 &U(Shoulder)?} HAPin)F-H= viTh &EHF9
n Nk FA A v X e] FQ Yolo
7], Be Toll oJsiA & A el FFE wHIth

3¢ 271, B4, ke -7 Sl s &
il‘} YeE AR g} webA v
H(Heat input)?} 24375 (Plastic flow)S 2AA

& Aol g T3ttt ol &4 E o e
B84 B7F 59 sl IR BauEa §)
[2,3,5,17,18].

Ej’]@rﬂ O]E‘FOV] &7

olo
op
r°1‘

[e]
e
o

fru

3
oo mx
2 of )

o

ofr
o
k)
o
i

e oo 2

-

o
%
Y

i
i, o

o

==
Rt

N

LI‘E

A

=

ne 4L ot
=

e}

] *5}.

ez = /] % r\r

=
=

il

A

op
=07

sslof sk 4
#1487

oA &8 %94 —f?ﬂla
AEslE BA o= vl
AF7) &Y Folrt,
AT vl e S8l oA 4
o] mZ mpEuNkEHY] 71AH 54 H7

A B 2 AT 4 EE AYL

281

Smmo|™, 35 ko] W) A|o17t 7Hse Gantry type

o] mpRmnka AHE ol &she] Py SHWH O
Stk (Fig 1 32)

Fig. 1. Friction stir welding experiment and schematic
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Material SKD61 Material SKD61
Shoulder diameter 16mm Shoulder diameter 18mm
Shoulder shape convex - scroll Shoulder shape concave
Pin Shape Taper Pin Shape Taper

Pin upper diameter 6mm Pin upper diameter 6mm
Pin lower diameter 4mm Pin lower diameter 1.8mm
Pin length 4.5mm Pin length 4.5mm

* S : Convex-scroll shape, C : Concave shape

Table 2. Mechanical properties of base material(BM) and

FSW AZ61 joints

Tool Case Welding Rotation UTS YS EL Defect
Type no. speed speed [MPa] [MPa] [%]
- BM - - 3229 2419 153 -
(A) 400 234.0 +1.6 150.4 33 T
S B) 200 600 232.1 +£10.3 150.3 3.1 R
© 800 255.1 5.3 158.2 4.6 x
(D) 400 2514 £3.6 171.7 5.6 T
C (E) 200 600 283.6 +0.8 160.1 10.0 x
(F) 800 290.5 +5.2 167.3 12.7 x

* UTS(Ultimate tensile strength), YS(Yield strength), El(Elongation)
* T : Tunnel defect, R : Root defect
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Fig. 3. Cross-sectional macrographs of the FSW AZ61 joints
(a) 400rpm_200mm/min, (b) 600rpm_200mm/min, (c) 800rpm_200mm/min
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Fig. 5. Optical micrographs of SZ sectioned
perpendicular to the welding direction
(a) by S type tool, (b) by C type tool

284

Ry NE“ Q %
oL =
F% i g 1o
N -~ E e
S S x
tjo o
oMo
d,
o
=
5
oo
m
>
,
o
of
|
o

nloxe
X
=
A
o,

Moo om0 < ol (o
r]I.
-z
1o
N
o

ook BN

.ﬂm

Fig. 4% F 5% &4 B9 sd&uo ne

AAY 2719) Wglolth F FRHe| £ & B

= 3RS AR el 2717 Sk A
1

Ho
>
ol
L
19(‘_‘
9
!
H
L
ful
T,
[z}
3
B
2
0,
El
rE
-
lo,
e |o

i=]
H 27 C type B5 AHEE 57F S type =& AHE-
3 A ET BF WA B S, ol Lyl

C type & ¥o| o mA|3KFiner) 24 HE A= A
o2 gust & ok (Fig. 5 FX) E£3 AA4Y A7 A
st 71E7 17 YerE S Wekug J‘% £ 9
& ol We AL s, S type B A 8T 7
% C type & B} 7]&717F WAl vl ol C type
£ A8 49 831 Bl 0@ SEwsh Bl 25
ERxd e AEE oFster U feEE o
shebAh Fig. 62 Ado] gle 21004 &4 Bl
0E G4 Puwel Ju Riolu
100
—a— S type_800_200
—s— C type_800_200

. 80

>

z

[0]

C

°

& af

o AS RS

% 20l Stir zone

S

0 1

10 -8 6 -4 -2 0 2 4 6 8 10

Distance (mm)

Fig. 6. Hardness distribution in the cross section of the
FSW region and cross sectional view of fracture
location



LREEES

€ Hge] e vtavle g 4 oA o AER 714 B4 7t

100 100
TS
s
80| B {80
=
— 60} {60 =
S S
=
o S
e a0p 140 £
o m
20t {20

BM

(A) (B) (C) (D)

Welding conditions

(E} (F)

Fig. 7. Mechanical properties compared to the base
material (case no. same as table. 2)

44 & &1 otgolAg C type
67.1Hv)°| S type E(¢F 62.3Hv) XU} ¢F 4.8Hv
& masH = FPom ko A
¢ 22Hv 9] ZpolS HAATh EF AS 9
AF Q- Wb Apolo| A A w7}
oAt} ThA] agkol A At Ee)

=

5

= 43S Bk S. H. C. Park 5{13] nh2udtg
€

=]

5

P Awt

r

=1y
Tl

=
=

Zofl AulFQl @4z A A7)
AAHE0] Hall-Petch ¥HA]2][14-16]
A AAY A7)9 A= Aol #HA W RE Y

o sk oA A ke A4Y 2719 ofv)A

=2 =
E—S‘Ug

(Fig. 5 #=z)9} Alud Ao Z A= 449 27]
7} AA B29 Fig. 5 (b) 70 28 A AEE 72

AT

Fig. 72 &4z w2 2Ajgy] A7t Eo|tt,
Lim 5{19]% L. Commin ‘520]
Al wpE kg
) e
TEREE
sho} 44 3.

} FNEsE

[e]

R

o)
i

=730l

o,
[
b F
HUod

odk
o
32
K

L)

o
o

S e md
=

ooy 32

N
-
ol
o,

nes
A )
for X Hz Ho
i) ¥
N
=

2 o
wa ot o
2 2

2, Ol
N
N
!

285

400 )
S type_UTS
C type_UTS
360  —=—S type_YS N
5 *—C type_¥S
o S pe EL )
E. H0F . c type_EL L. _
§ //' <
£
g’ R J 14s g
m £
: P g
o 200G P lo B
5 o m 5
) - - i i
____________________ .
100 , . | 0
400_200 500,200 -

Welding conditions

Fig. 8. Tendency of mechanical properties variation for
welding conditions

K.P. Mehta ¢} V.J. Badheka [17,18]% 97]
o] &4 & ¥4 A% t=A sto] npEughg
o A3 &5 & w9 AAo| AT E
wobom, Aol A77t S

C

= AN E S =] TR,

=
=

=3

QH =

5 e 2= §4 & W] ojF=H
oo s 2A7F el AAA=d, ol
= &y ¥y ofyzt 84 & w717k 71A4

93k Qo|t)

oX

vy
1 o m

I~ =
TTL

11.1%, 3.7%, 53.1%



A 71E8 8] =2 A AlTd A0, 2016

3.3 e met 2x|

UAAE AE Al Yefh= gtehe] 91X A2
2 7P kst 99dS noEnh wEhA g3 7]
A &4 A% &4 9 S HeiAe g 4
29Xl tiEA elsfistke Aol wig- Fasitk

Fig. 694 A& 4 Sl vie} Zo] BE A
2 AS(Advancing side) 99 oA zjcto] BAIEISI L)

. Commin 5[20]1

ol218t A3}= S. Lim S[19]% L
5 %fu IHJC'LJJr °‘x1 s}

213l W. Woo & [21]°] K.aLgh
2tk S. Lim 51919 7%
7IAIA G- Ato] AR %

sto] o] 2 Ql& 7|AIA EAdo] oshdrta
At T3 W. Woo 52119] 4% vpudkg3 &
Al @AE 222 -5 (Shear plastic flow)oll 2|
wate] s, wiske A4 He] WK Texture
variations) ¥} schmid factor®] A#AS FallA AS F4
o] agHRel G-V AH QG Ato] AAA ittol
sk 9918 Y3loh SHC. Park 51319 4% ddt
o] WG A= AF3A| LAUA|RE whEwEHEH
AZ61 mFvlE SHFUeNA A%
(Crystallographic orientation)2] #¥7} 147} =ol

gol

? ol

=13
=

P

gl H
o)
gl q

§% o% it

2 Gks mRYa FHRA Sk 2 AT AGA
AX 7R 2 AS 99 9] wHkiel d.7] A4
Abo] Ao A Fheto] BAYSA T S 9)X]= AlH

lo,

AR 240 AS 93] Wgo R oF 1 -3 mm 9]
AL o] A AFUNE A-71AA FFF-oF w
ojo| A} A&7} vrolA| &= 91X 9} U] th.(Fig.
6 FxZ) AS FAoM FH oz 7NAH BAdo] @A

AL wlAINEH F

R

toy

o2 M orr b~

ol
=

4z & Y o

oX

gharacheh 523
FIFF W 9 w2

286

method(SSTM)S! shear punch test(SPT)E &3}
t}, 0|23 A3 nlgroz wukel A7 A1H o R
A}Ol 7:‘74]”401]*1 sk i 9xE ak l

A2 5T 5 gk 1A

i=| )
EAS

2 Aol g
sol AZ61 vhidl% 5
ool ue 7

al E
|
Bl
ofN
=]
1o,

=

}\] 3 al,

400rpm™} 600rpm,
HzAoA -5

2

200mm/m1n°ﬂ Al

ko

& b

pz|

5% 7104 24 9

7} A3k, C type
4-8-3F 800rpm_200mm/min &7 Z 71014
e 7IAA B Aot 14"5}‘;11"
e A A=, FEAE
90.0%, 69.1%, 83. 2‘V‘F%3i 7=
NAA B4 37 Ay 45
gk Ao} dX|esit
(4) i Al g A YA = Al
wist Ao Qg Aol oA o

)

mn o m ofx

o o

N
-

2l

O

2o
0130
wo o
-{11

>,
)

oot
FXL
3
o, —1E
)
1-rl
i
]
42
=
=
p‘L
2
tlo
R}

o,
IS oo I f
m
B oo
Q‘L
Ir

s
2

N
o
fru

B
P
o
o 2
i

lo,

e

oM,
o
o op
o
o o
ot
o zo
N

Uiy

12

o ok
o
i
O

jines

2
-
i

o
rlr

References

[1] H. 1. Dawood, K. S. Mohammed, M. Y. Rajab
"Advantages of the green solid state FSW over the



TRE g E WS B s 3 9% B iRans AR A48 24 Bt

(2]

3

—

(4]

(3]

(7]

(9]

[10]

[11]

[12]

conventional GMAW process", Advances in Materials
Science and Engineering, vol. 2014, pp. 1-10, 2014.
DOL: http://dx.doi.org/10.1155/2014/105713

R. M. Leal, C. Leitao, A. Loureiro, D. M. Rodrigues, P.
Vilaca “Material flow in heterogeneous friction stir
welding of thin aluminium sheets: effect of shoulder
geometry”, Materials Science and Engineering: A, vol.
498, no. 1, pp. 384-391, 2008.

DOI: http://dx.doi.org/10.1016/j.msea.2008.08.018

K. Elangovan, V. Balasubramanian “Influences of tool
pin profile and tool shoulder diameter on the formation
of friction stir processing zone in AA6061 aluminium
alloy”, Materials & design, vol. 29, no. 2, pp. 362-373,
2008.

DOI: http://dx.doi.org/10.1016/j.matdes.2007.01.030

R. S. Mishra, M. W. Mahoney, T. J. Lienert, K. V. Jata
“Friction stir welding and processing”, pp. 7-35, ASM
international, 2007.

G. Padmanaban, V. Balasubramanian “Selection of FSW
tool pin profile, shoulder diameter and material for
joining AZ31B magnesium alloy -an experimental
approach”, Materials & Design, vol. 30, no. 7, pp.
2647-2656, 2009.

DOI: http://dx.doi.org/10.1016/j.matdes.2008.10.021

Y. G. Kim, H. Fujii, T. Tsumura, T. Komazaki, K.
Nakata “Three defect types in friction stir welding of
aluminum die casting alloy”, Materials Science and
Engineering: A, vol. 415, no. 1, pp. 250-254, 2006.
DOI: http://dx.doi.org/10.1016/j.msea.2005.09.072

Z. W. Chen, T. Pasang, Y. Qi “Shear flow and
formation of nugget zone during friction stir welding of
aluminium alloy 5083-O”, Materials Science and
Engineering: A, vol. 474, no. 1, pp. 312-316, 2008.
DOI: http://dx.doi.org/10.1016/j.msea.2007.05.074

H. Schmidt, J. Hattel, J. Wert “An analytical model for
the heat generation in friction stir welding”, Modelling
and Simulation in Materials Science and Engineering,
vol. 12, no. 1, pp. 143-157, 2003.

DOI: http://dx.doi.org/10.1088/0965-0393/12/1/013

P. Heurtier, M. J. Jones, C. Desrayaud, J. H. Driver, F.
Montheillet, D. Allehaux ‘“Mechanical and thermal
modelling of friction stir welding”, Journal of Materials
Processing Technology, vol. 171, no. 3, pp. 348-357, 2006.
DOL: http://dx.doi.org/10.1016/j.jmatprotec.2005.07.014

Y. G. Kim, H. Fujii, T. Tsumura, T. Komazaki, K.
Nakata “Effect of welding parameters on microstructure
in the stir zone of FSW joints of aluminum die casting
alloy”, Materials Letters, vol. 60, no. 29, pp. 3830-3837,
2006.

DOI: http://dx.doi.org/10.1016/j.matlet.2006.03.123

F. Pan, A. Xu, D. Deng, J. Ye, X. Jiang, A. Tang, Y.
Ran “Effects of friction stir welding on microstructure
and mechanical properties of magnesium alloy
Mg-5A1-3Sn”, Materials & Design, vol. 110, pp.
266-274, 2016.

DOI: http://dx.doi.org/10.1016/j.matdes.2016.07.146

C. Aneja, A. Handa “Effect of tool shape and welding
parameters on mechanical properties and microstructure
of dissimilar friction stir welded aluminum alloys”,
Materialové Inzinierstvo, vol. 23, no. 2, pp. 58-67, 2016.

287

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

S. H. C. Park, Y. S. Sato, H. Kokawa “Effect of
micro-texture on fracture location in friction stir weld of
Mg alloy AZ61 during tensile test”, Scripta Materialia,
vol. 49, no. 2, pp. 161-166, 2003.

DOI: http://dx.doi.org/10.1016/S1359-6462(03)00210-0

E. O. Hall “The deformation and ageing of mild steel:
III discussion of results”, Proceedings of the Physical
Society. Section B, vol. 64, no. 9, pp. 747, 1951.
DOI: http://dx.doi.org/10.1088/0370-1301/64/9/303

N. J. Petch “The cleavage strength of polycrystals”, The
Journal of the Iron and Steel Institute, vol. 174, pp.
25-28, 1953.

Y. S. Sato, M. Urata, H. Kokawa, K. Ikeda “Hall - Petch
relationship in friction stir welds of equal channel
angular-pressed aluminium alloys”, Materials Science
and Engineering: A, vol. 354, no. 1, pp. 298-305, 2003.
DOI: http://dx.doi.org/10.1016/S0921-5093(03)00008-X

K. P. Mehta, V. J. Badheka “Influence of tool design
and process parameters on dissimilar friction stir
welding of copper to AA6061-T651 joints”, The
International Journal of Advanced Manufacturing
Technology, vol. 80, no. 9-12, pp. 2073-2082, 2015.
DOI: http://dx.doi.org/10.1007/s00170-015-7176-1

K. P. Mehta, V. J. Badheka “Effects of tool pin design
on formation of defects in dissimilar friction stir
welding”, Procedia Technology, vol. 23, pp. 513-518,
2016.

DOI: http://dx.doi.org/10.1016/j.protcy.2016.03.057

S. Lim, S. Kim, C. G. Lee, C. D. Yim, S. J. Kim
“Tensile behavior of friction-stir-welded AZ31-H24 Mg
alloy”, Metallurgical and Materials Transactions A, vol.
36, no. 6, pp. 1609-1612, 2005.

DOI: http://dx.doi.org/10.1007/s11661-005-0252-7

L. Commin, M. Dumont, J. E. Masse, L. Barrallier
“Friction stir welding of AZ31 magnesium alloy rolled
sheets: Influence of processing parameters”, Acta
materialia, vol. 57, no. 2, pp. 326-334, 2009.

DOI: http://dx.doi.org/10.1016/j.actamat.2008.09.01 1

W. Woo, H. Choo, D. W. Brown, P. K. Liaw, Z. Feng
“Texture variation and its influence on the tensile
behavior of a friction-stir processed magnesium alloy”,
Scripta materialia, vol. 54, no. 11, pp. 1859-1864, 2006.
DOI: http://dx.doi.org/10.1016/].scriptamat.2006.02.019

L. Ying, L. E. Murr, J. C. McClure “Solid-state flow
visualization in the friction-stir welding of 2024 Al to
6061 Al”, Scripta materialia, vol. 40, no. 9, pp.
1041-1046, 1999.

DOI: http://dx.doi.org/10.1016/S1359-6462(99)00062-7

M. A. Gharacheh, A. H. Kokabi, G. H. Daneshi, B.
Shalchi, R. Sarrafi “The influence of the ratio of
“rotational speed/traverse speed”(w/v) on mechanical
properties of AZ31 friction stir welds”, International
Journal of Machine Tools and Manufacture, vol. 46, no.
15, pp. 1983-1987, 2006.

DOI: http://dx.doi.org/10.1016/j.ijmachtools.2006.01.007

R. Sarkar, T. K. Pal, M. Shome “Material flow and
intermixing during friction stir spot welding of steel”,
Journal of Materials Processing Technology, vol. 227,
pp. 96-109, 2016.

DOI: http://dx.doi.org/10.1016/j.jmatprotec.2015.08.006




A 71E8 8] =2 A AlTd A0, 2016

M & F(Seung-Ju Sun) [E23]

©2015 39 ~ 20164 6¥ : 33}
NEAggddEn HEA 2~
38 AAF 74

<ok
A, 1A
71 X

M (Jung-Seok Kim) (A3

019944 29 : =)L
510 =5 —'6]"‘4' (6]_; —'2511-/\1/k].)

1

oOT T o
©1999d 8¢ : d=ryey|eYd &
FTE5 (FTEEEA
©2000 1€ ~ 2003 3€ : LG
AM AFa AddT+4
02003 4¥ ~ A : FFHEY]

A7 AYAT

0] £ T(Woo Geun Lee) ESkih

0201341 29 : H3r|EAF
EHtﬂ—_u_ 2 C/\])\Eil—élj&_]'- (:élﬁ—jl-@',x].)

20144 3¢ ~ 201611 69 : ¥t
ZlEAg AN A~
38 HpAbab

288

2! X 8(Jae-Yong Lim)

(B33

©1999d 39 ~ 2001 2¢ : ¥
Harled  7AZS N7 AlE St
A2h
-2005L4 1% ~ 20073 69 : AE
AHEATY A7
-2008%3 1% ~ 20124 12¢
University of Virginia 7|78}
(7] AlF-3HaA
*20134 2% ~ 20169 29 : dxFEI|EATY A9dA
-4
020161 39 ~ &AA : gl VAT 2
<AL
T-Z3NA, A EaA




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


