ol

zot e H8EH SHTEH L H-TEsHA

L

10

ALS
Thermo-Mechanical Analysis of Continuous-Adjustment Thruster using

Explosion Pressure
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Abstract

High-maneuver missile is a projectile which demands a strong momentum at short time. To produce a necessary thrust for the
flight, the gas of high temperature and pressure is generated through explosive combustion of solid propellant, and a great thrust
can be obtained by expanding this high temperature and pressure gas. Although the operating time of a rocket motor is less than
a few seconds, a failure of part or ablation near the throat of nozzle may take place during the expansion of high temperature and
pressure gas for great thrust. In other words, for the precise control of a missile an exact stress analysis considering both, the
thermal stress caused by the heat transfer between combustion gas and wall, and the mechanical stress caused by the pressure
change in the flow, should be considered first. In this connection, this study investigated the safety, as a point of view of stress
and melting point of the material, of the pre-designed thrust generating structure which is subjected to high temperature and

pressure as a function of motor operating time.

Keywords @ Thermal stress, Thermo-mechanical analysis, Finite Elements Method, Melting point, Heat transfer

coefficient, Rocket motor
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WA o g Andl 7hxaol HEAHE L27F 2000K, ¢Eol 2. Analysis model

10MPa ©]/del ol2t 1 mte] 7kxolth(Kauffmann

5, 2001). webA ST ZEe] A4 7hd] gigete] A7 B 7o tiide] E 22 BE Al2®e g a7 19
& o & AlzgelAzal BEje ARt wE FE Yepeler, 2 3 ®ElY 87] AgEe Bl | 1
<= 9 g 1<l W] ogf w=E A|Fle] 754 2701 AAHQ SCM4400] Bo] AMEHER 2 A7

Ql Tk 9 Am(Ablation) 7F Golut fERRe] A el Ao
7} B7Fs A= @th(Hirai &, 2003). 3, 444 o]
A Aae 1, 318k A4 7kt 235 =Z(supersonic
nozzle)= &3] WAE = A Alxwle S FHEst
7] A8l 2 RElY AFAR M2 G5 Ue 9,
g Ul A& ks 9fr]e] 2% Afold] 7|l E €68
= Bl mEE e gl AP oot

")
A

O:

rﬂ
ot
o

B AT ALg AlzEle] Ao e 7 Ee ofe oz 3
7o) Aaz 748 F2A9) 7 REd dgale S Lx T s ) | ERK) | (MPa)
2 Sgich. B, B AT AT TRANE 1A B
A A B, oA 9 FA Hhew TAEQD W | w2 | Lid L
’ 25.28 2,001.84 11.20

A A2 (Pre-processing) g elX e 8 LA A|xH] 52.75 2.106.02 | 15.57
84 (Mesh)& At 7 840 dfiE slidel 2l 16.41 1,928.94 | 21.79
ez Ak sl RS QI Te 47z AL 15.97 1.903.13 | 21.77
Yot F2A W U L= RIS TH T, b =2 e kN
2 3AX 2] (Post-processing) IgolXe T3 + ;E v i?gg 222;22 2122
gk A¥lol ok 71ES vlm 2 HES 33} 28.10 297488 | 21.50
23.10 2,278.80 | 21.69

E 2 Molybdenum #&2e| 2z0f mz S4X|
o=}
=

ex A AR 3AT AEE v
(K) MPa 1/K W/m K J/ (kg K)
373 289,610 2.7835E-06 278.18 278.18
473 282,900 3.3701E-06 123.20 276.58
573 277,070 3.8805E-06 120.65 275.90
673 271,800 4.3148e-06 118.04 276.16
773 266,750 4.6728E-06 115.39 277.33
873 261,600 4.9540E-06 112.71 279.42
973 256,030 5.1603E-06 110.01 282.43
1,073 249,710 5.2897E-06 107.28 286.34
1,173 242,310 5.343E-06 104.54 291.16
1,273 233,510 5.3200E-06 101.80 296.88
1,373 222,980 5.2208E-06 99.063 303.49
1,473 210,390 5.0457E-06 96.334 310.99
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E 5 Graphite2| 2o M2 AN SMx|

Molybdenum | ¢\ 1449 Graphite
V=
Zopg) 0.29 0.288 0.1
W% (kg/m’) 10,200 7,730 1,740
tigo] ¥ F2 WA TE]S §7]|% SCM440°.2 A8
oh 9z ks B A A% HE 2 = Arst

o

1L YEA ol nRoME Tt Pr) =2 AP E
= 7IAE Aol £ Molybdenum &S AFESIA

T, =F NEAZAE AASE AARY ARZ2e e
ojw] mpAAF7} A o2 Y GraphiteE AHESISIT

Zt 85 Uigt 24X = 719 & 2~691A4 YERS]

=] = 9 B ASFE 259

42 glo] Wil 93] ekttt 53], Molybdenum

(o]

Fael A, 12l 1,273K o)l 2&d g 72t 4
[e=] s
= S
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A9} 9FE2(Stagnation tempera-
ture and pressure) 22t 2,570K 2 29MPac|t}h((52) g
g}, 2011). =Z5 A& Chokinge] doldttn 7Fgsla,
wE 5o gk Al2El o] WA W] 1.8825E 7 ¢
T vsle M, =0.32 Hz 7] dgsHE 4+ F
(Static) &%= % 948& 2,280K 2 22 MPac°lth.

H =Rox= 3DLAe] A (Mesh generation), 73

dHzn Hd
2% (K)
W/m K J/(kg K)
293 112 539.50
508 69.2 1,258.3
660 60.5 1,497.6
811 51.8 1,618.4
1,072 42.8 1,785.8
1,366 37.8 1,892.2
1,644 34.6 1,988.8
1,922 32.9 2,046.7
2,477 31.7 2,149.3

E 6 Graphite? 20 w2 J7|HX SAx|

SAA 4 AR GA S
2= (K) MPa 2E(K) 1/K
293 13,853 293 2.80e-6
493 13,989 811 4.09e-6
693 14,067 1,366 8.92e-6
893 14,090 1,922 14.4e-6
1,193 14,017 2,200 20.5e-6
1,393 13,897 2,477 23.4e-6

2 4] HASE 913 8z =a3Q Hyperworks8.0
= ARSI, afAdl ARgE Z=ase MSC. Marc
2005 R3= HIHY A% afAol] fFag Z2ao|r}

gz Xol] AFE Elements Type 127°2E 10nodes
£ A3 isoparametric arbitrary distorted tetra-
hedrono] A&4Hth & AFor] Gyzade] F84 F
AR v 76,374700)aL, 24 v 131,78270, time
step2 0.1%=2 3F992H, total load case timee 1.0%
= St

# 4 SCM4409| 2zof Mg 44|

ex A AR ZAT A= v
(K) MPa 1/K W/m K J/(kg K)
304 212,020 1.1770E-05 43.344 434.60
404 208,070 1.2696E-05 42.951 459.65
504 201,990 1.3360E-05 41.631 483.70
604 193,780 1.3829E-05 39.663 506.75
704 183,450 14166E-05 37.325 528.80
804 170,990 1.4436E-05 34.898 549.85
904 156,400 1.4708E-05 32.382 269.90
1,004 139,690 1.2964E-05 29.777 588.95
1,104 127,640 1.1970E-05 27.083 607.00
1,204 120,870 1.1740E-05 24.300 624.05
1,304 114,100 1.2270E-05 21.428 640.10
1,404 107,320 1.3560E-05 18.467 655.15
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(1) R A o1 A1 A BB Bk )
ug], ek 0lg 0 1A e 9gsht AR 3 9
T 259 ggolth(Mcbride &, 1994). (2) 871 <9

3391 S17] Aelele dh @UER dolka, ek s
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320 Azw AR g, AT vl 9AY A%
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4. Results and discussions
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o} 2t} of7|AM §7] BAE] F2 Hdl %91 1,807K7}
Uehhes A%E BRIt
710 AHEE A8 e §840] 1,689KQ SCM4400.2
g FZMe &850 gaxoez Ay dot e &
S5 olfd| fJR|gle] FE Al A dFE F=
, 2% 3el UERA wke} o] & & ©]

al
1S5 AR 0.4% ofelmz Alzwle] A4
%

FE o,

~J
o
)
e
H
2ol
[l
-
A
0H
£
@
HD
v}
=
no
N
[t
=
[®))
fol
o
o
5

Inc

Tine: 1.000s4000

1.833e4003

165204003

1.4700+003

126924003

110824003

3.264e0002

745184002

5. 53984002

3.82684002

2.013e+002

2.000e+001

a2 2 1.0=g wef 7|9 2 =X

1800 _g-m-m—H
_________________ S Siiell s _-_ _
1600 S
—~n 1
o |
1400 - .
& . '
g 1200 /.’ !
S 1000 a i
N L :
= - 1
£ 800 -
2 1
600 !
1 Melting point : 1689°K
400 [
1
200 H
1
0 I T ' T ! T T
0.0 0.2 04 06 0.8 1.0
Time(sec.)
a3 2719 2 2x ol
1 = (687°K) i
600 (1091 °K) —I—Vgn Mlses stress(MPa)
—&— Yielding stress(MPa)
500 = (1336 °K)
7 u (1462 °K)
—— m (1535 °K)g (1581 °K)
400 / - - "
g /
= 300 /
5 1
/
b /
200 &
/
f
100 [
/
/
0 T T T T T
0.0 02 04 06 08 10
Time(sec)
a2 4 =379 57123 Y YT ol

I8 45 = FEAMl weh A=A s
o Von Mises stress®} Yield strength®S YehHAT}.
T Az Bl M2 SHEE HEs| getsir] 98l

EEREERS

=rh 2 AR d5He A 279 Ak

ri olo Jki B



600 4

= (860 °K) —a— V/on Mises stress(MPa)
500 —&— Yielding stress(MPa)
= (1469 °K)
400
E = (1804 °K)
= = (1963 °K)
Z 300 o
7 = (2049 °K), (099 o0
n
200
e |
100 - / \-H“
——
Y,
0 L . T T T T T T T T T
0.0 0.2 0.4 08 0.8 1.0

Time(sec)

T8 b5 LEHEHEA 0 A0IM AlZiol| WE S HE}

2000 -

1800 " (1870 0
/ 7es (1828 °K)

1600 / (1658 °K)
& 1400 Masu w0
T 1200 4
2
© 1000
3 = (911 *K)
£ 800 4
0

600

400

200

[I T T T T T
0.0 02 04 06 (K] 10
Time(sec.)
a2 6 ZsAlZhll e tEFo 2EMEt

A& 0.0622 AHstga UwA] Joelxles 0.2 42
2 3] Zg At Wsle] e g8 JeR)h

2 4 Fugee 2 A3 %EOH A

o §43 Sk + O.Zi dHg @l
45OMPaa TFAHEE ez eyt ole A ARl
A L2 AR He =5 9ule 2% W}
7]' A9l gl 7] wEelgt Azt Yield strengthel
BE S5t 225 Yo HER AlzRl A A7
7t whet ﬁiiﬂr. e A ARte] FREUZE
Von Mises stresse] #te] Yield strength® ZZsHA]
7] witol] Alzgle] bdel= #AIZE fitka AEA S F
Aok, S AlzEl ZAE F1.0x we A FHUemrt
1,581Ke| B ol =& AR &§ &% 2,893KHT} &
of &5 % 2wt Z|Qlele Al2Hle] gL glE Ao

ek,

Safety factor

T T v —T—
00 01 02 03 04 05

— T T T T
08 07 08 08 10 11

Time(sec.)

a8 7 ASAlZo| M2

1 o (1092 ok)® (1403 °K)
o (623 °K)

=ES0| INE Hiat

(=L

—a— Von Mises stress(MPa)
—e— Yielding stress(MPa)

(1663 °K)
« (1694 °K)

2% 4 -

* (1725 °K)

Stress(MPa)
.

T T T T T
00 02 04 06 os 1.0

Time(sec.)

a2 8 ATAIZol e =EHHER X|X[Fo| #5H Hg}
a9 5E w2 A
F329)

stress %

257t HYR dsete 9
Alzgl ZHgAIZke] ®iste] wE o] Von Mises
Yield strengthats uYehd Z”o|td Von
Mises stresst Al2=®9] 253 tjEo] 543 S7lsio
Ho ol o] T Faste FoE UEHH o =29
A gEo] w& MAAR ¥wle] 2xrF 343 F7lst

of wHo] 43k Aol Azt Hm, A% At 0.4
2 AT =2 ANA 9 /9l D A}ou 25 A
Zolge] H§3te dgeo] gads] WEom BEHEd

Von Mises stress7} &2 & 0.4%0 Qloiﬂiiz} =
] Yield strength 350MPalt} F&3] @& 150MPakt
o o2 ggeng FFo| i wE Bk gty 4
BAS & vk g Al2E AF ARte] 127} Hole =
A2 A =71 2,099K= Olh Molybdenum =9 &8
L5 2 893KHTE 283 e grom Amo &g wWE
e gls Aoz dAvkdn

@

AT AEEE| =28 H24H HM65(2011.12) 703



wZe] 49 wZBolAe] At Zad BAIR Q4
wzel ARTt FUF AS 9%

Ll

L

.
7 AR He L:%‘% FZoA At dejd 7hsAol 7t
U Ahmad, 2005). ol¢} #dA, =

Bo] &g tiek S Gl sl 28 69l Al
H & wERdAe exRigE v
2% Bst 4’ :l’ A} 2% 7]‘ °F 1,511K

2E ARt 734 o wet A 7}313
E Fol 7ot wEhe 2RI 7%
5t7] “H'E‘O]r/}. WA & 3345}04 AglE Molybdenum
=X 7F
1.027} A3t e 5ol e Al ’\Edf] ”‘j} e ¢l
o a8 TS =259 e 724 e gl
At UEhd AR ZE ARl wWE HdE(Yield
strength/Von Mises stress)¥slolt}h bd&2 2EA |7t
o #AIRle] 2.501F = AL
ad 8& wZ JHHPEA AAF AEAIRt] wE 3
(Principal stress)-‘Jr 17 = (Tensile strength) <]

AAGR AR e A2l

aphlte P
2e] A% A7l WE Craphite Aol %6
g g% Pask 9ovl, 1 AnE a9 8o vt

A A= g
Pas)y) WEos e w :eM Z}EAI B 788

(3]

=

0

1 LJ‘«] #%"]ﬁ 1.
Follal ok 1,725K o]y} Graphite9] Melting tempera-
ture7} 3,925~3,970K o|22 &go] 93 =2 /MHAA

A2 59 ke glrt.

I8 9v =559 WA =& AR ARt iE WsE
olybdenum #=¢ E33A
2w R 7&4 i
& Zogko 2 (.024mm 7F
0.196mm Zo5tt. WA ¥Wsl&e 2% /\1{}"] %!

i
o,
k)
9
&
b
N
I
2,
1l
ro,
=

z‘%]:

T Stk

704 SRPATASEE =28 H243 M635(2011.12)

[

D =&5e 0.22714 8ol §43 7k Foll ¢
ol mAb dAFSAHEA o] Hu, 2Ee F
Zholl W =l Atz HA 9 kg 1.12 UE
1k

1,807KelaL, SCM440
= ot $el WA
2Rle] e BAIQL, 57 A By 8]

e 28 & &9 =2

@ Molybdenum TES AFE3E LZEA] A7t WE
PHEL 25~5.62 A2 ¢HAsith Fu des

+ 1,870K=Z &63 2,893K Ht} #fo} Atuke] 93
< Ut =25 w4 WskEe 0.5% o= FEA
Tl mAlE 4 At

3onEd

5 (2008) +FIAH 72 siA &K,
ELeRiklass %i@ =4, 21(3), pp.43~50.

(33} (2011) diem].

Ahmad, R.A. (2005) Convective Heat Transfer in the
Reusable Solid Rocket Motor of the Space Transpor-
Tation System, Heat Transfer Engineering, 26(10),
pp.30~45.

Choi, Y.G., Kwang, B.S., Kim, W.H. (2010) A Study
on Size Optimization of Rocket Motor Case using the
Modified 2D Axisymmetric Finite Element Model,
International Journal of Precision Engineering and
Manufacturing, 11(6), pp.901~907.

Hirai. K (2003) Ablation Analysis for Solid Rocket
Motor Nozzles, Proc. of Conf.
Propulsion, 43(1), pp.49~54.

Kauffmann. J., Hervertz, A., Sippel, M. (2001)
System Analysis of a High Thrust, Low-Cost
Rocket Engine, Int. Conf. on Green Propellant for

on Aerospace

Space Propulsion, Netherland, pp.1~7.



Mcbride, B.J., Reno, M.A., Gordon, S. (1994) An
Intrim Updated Version of the NASA Lewis
Computer Program for Calculating Complex Chemical
Equilibria with Application, NASA Technical
Memorandum 4557, Cleveland, OH.

Park, M.S., Kang, T.H., Byun, Y.S., Song, J.B.
(2008) Dynamic Analysis and Experiments of High
Impulse Force Device with Isolation System,

ki

@

NPEBES| =

20114 10& 31

20114 11 8¢
20114 11€ 25¢
20114 11€ 29¢

H243H HM65(2011.12) 705




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


