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A Study for Generating Power on Operating Parameters
of Powerpack utilizng Linear Engine

YONGIL OH', GANGCHUL KIM?, OCKTAECK LIM' "

'Department of Mechanical and Automotive Engineering, University of Ulsan, 102 Daehak street,
Nam-gu, Ulsan, 680-749, Korea
*Korea institute of Energy Research, 152 Gajeong street, Yuseong-gu, daejun, 305-343, Korea

Abstract >> The research shows the experiment results according to the combustion characteristics and configuration
of the linear generator of powerpack for the generating power applying the 2-stroke compact linear engine. The
powerpack used in this paper consists of 2-stroke linear engine, linear generator and air compressor parts. For
identifying the combustion characteristics and generating power of linear engine, some parameters were varied sucha
as electric load, fuel input calorie, spark timing delay and equivalence ratio. Also generating power was confirmed
at each operation conditions, when the air gap length of linear generator part was changed as each 1.0 mm and
2.0 mm. During the all operations, intake air was inputted under the wide open throttle. Mass flow rate of air
and fuel was changed using mass flow controller, after these were premixed by premixture device, and then
premixed gas was supplied directly into each cylinder. As a result, piston frequency and combustion characteristics
were different at each conditions according to parameters affecting the combustion such as fuel input calorie,
resistive load, spark timing delay and equivalence ratio. Consequently, these had an effect on generating power.

Key words : Linear engine(2]U1 o<l d), Linear generator(A13 W7 7]), Generating power(7d &), Input
calories(5¢] &%), Spark timing delay( 3] 7] X| 1), Equivalence ratio(35FH]), Air gap(ol|o]7H)

Nomenclature aTDC : after top dead center, mm
bTDC : before top dead center, mm
Lair gap : length between stator and translator, mm
LPM : flow ratio, liter per minute
Vrms : effective value of voltage, V
Arms : effective value of ampere, A
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Fig. 2 A Schematic diagram of the experimental setup
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Table 1 The specifications of compact linear engine

Parameters Value
Engine type Two-stroke linear engine
Bore [mm] 30
Maximum stroke [mm] 31
Effective max. stroke [mm)] 18
Translator mass [kg] 0.8

Scavenging type Cross-scavenged type

Compression ratio varied

Max. compression ratio 27.23
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Table 2 Experimental conditions

Parameters Value
Fuel type Propane
Input calories value [kJ/s] 4.56, 5.21, 5.88, 6.53
Spark timing delay [ms] 0.5, 1.0, 1.5, 2.0
Equivalence ratio 0.8, 0.9, 1.0, 1.1, 1.2
Air gap length 1.0, 2.0

Electric load 5, 10, 15, 25, 30, 40
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Fig. 3 A schematic diagram of the cylinder chamber

ok 2yefdlzle] & 2ol 3imm o|n Hi7|E
E7} )5l LA o] FofAt: 8
ofek. glyefalldle 7} Yguitt o] Ald 255

9 7 ER gk gl EAEHY. B oo
A ARy ofellzle] A Zdh ghEul 27.23
ot}

Fig. 20f 2lyojAl o]l o] ix]e} AHek=el o
HES Uehfolon), Fig. 4o oS 2pA15] BARSH
At

oA EolEE A Al

rl

'3‘],)-]]“710] 18mm

=]

(<]

b

A, A AEE

Silicon-steel

O

Air gap

Permanent magnet

—
T coil (copper)

: -

Fig. 4 A cross-sectional view of linear generator

A23H8 A2Z 20124 49



186 ol ol 8 Thgjme] &

& 317 Bjn] A7 Aol ol B Aol
ok mEl e} Yt A1) Uoldth. g Aol
o] AU Lk lyoiAeelel: AEuE o
gl H7)Ee e BAshs W] oJake s |
. ElUoldlAe] vt ARFEE ol EARE 1
AUA 3 o] Apolo] 92 gt siefejo]
of Jste] Hujol el elAl Hgte] =gk
ATAAE AT 2 oA elelEl 7]20] =
2] WA7|oh B 71 EAel Bl delo] ofst
o B3N] whitel, 7| FEEE AL 4
()0 EARE gejdlo] WHo] 2AT Rolct.

Do ok ol ot LR

)

_dA_ _ do
dt <t dt 1

Lur - Fig. 40f Yebd A3t o] 2y ojAd e
O F2 o] AR} A} Atolo] AR A owm,
AT 71278 Imm ofH:

2.1.2 HIO|E| AHXI® & FSR

Buoldld o5t $XE AXEeR AR5
7] 9J5to] sk WAA(KAIS Co. ; KL3A-NDHE
ARESEAEE 3L, oA IAE BRI ZEA
A(Sharp ; GP1S092HCPIF)E o]-&3}0] 7|5}l X
EAIA A AR tRd AlZ = IRIA0]7](ECU)
2 JgHr) ECU o 4gd tjx]d A% Matlab
simulinke] oJsto] HAH whg Al7ko] A AEo] F
3}319)(Dynatek ; ARC-2)2 B3, 2| dH AlE
S el H2kE2 U(Denso ; UF22)= Al
2 AN7ke 2 Hijjo] H3t W A} ool A
ek, o] A7 EEAAof 93] PRI IR Fig.
3of LRItk 3, Kistler AR} Al A (Kistler ;
6052C)E ©]-8-5}4] Front U Rear ¢44A &S =
X4o}oﬂJ_ —«—‘-57](K1tsler; 5018A) S E3lo] Ao
FEZA 3 ZFHOR ofdRTI AT
Satodek. o)BAre] 1%, ¢ !

SES I
iiﬂ AME A7 100kHz o] ¢1aL, ZF AlAjof| A 3

{m

=3

ﬂ}drm

Al
H

v

> daas 9

Aol Asts] =&3

E31 go]El DAQRES AA 7
d=z A=A

Fejo] EAE

2,2 43 4y

& Atolld= HYeiAdlelg 7t 2k 23
ZUelal e ol §sto] Aol Y U, M)

A 9 gepulel e Felsty 2t 2luolAy
E“O]H_‘?LQ/] 01%—;(]—9,]— —Lxé];q- /\]'019’] 74a<1)_]_ Lair gap
o} 2o slEgold 271 WSk ofd 71 2
ol Al 2lyojdlizie] W&ol w3t d3s st
.

S,

ol

Aro BY dF A7|Hoto] whE A
=Yg dolR7] Yste] ZRIL 456, 5.21, 5.88,
6.53kl/s 202 F7]9} of| Eglste] Fletlal, o
FHIE 1002 IYAI7]7] fleiA] GRS 7 5
ore slol|A] B712] GRS 70, 80, 90, 100LPMO.2
THAXF ) o]} FAlo| H7|HeHE 5, 10, 15, 20,
30, 40Q0.2 7}HAZ L.

ol5 AlQgt LA W<l HSFA7] A
A D Ly gy 22t 1.0, 1.5ms 12|31 2.0mmO g
TATE AdeollA AR FAES HAIEHIT

EA, A7) Aol whE gjujolqlizle] W E

& 25| $Jste] qlzA|o)7]of dx]E Matlab
FAsto] H3A7] AdE 0.5, 1.0, 15,
2.0ms ©F 7PHAFTE 12al wigh] 1.0 2 H7)5
5= 200 OF, Lur gp R AR FY EFS 4
Imme} 5.88k])/s o2 ITAA|FTE

ZUojdiRle] x4 B4 o7 late] H3IA]7] X
e o5 f]Rof FHEle] 7hHE|SI) OIEX}OH
gl o] BT ZEAIA O] A= o] 5Ve| tAd
37 B
4g

g,

d

T
simulink=

ZEAAA AZIA|7] 2 Ad=H Zﬂ°17l°ﬂ

%] Matlab simulinkol| A H3FA]7]E 0.5ms FE]

20ms 717) 20.5ms B AQIAA HIFHA R A5E
ML Ao R HEAZIE FPEAT

A, e 2700

AN =
et dd=de va Aok 37192 90.0 LPM
=2



100

3 78. :
80 ~
] 723
o 703 3 /V)\ :b\__\ﬁ? 4
g 607 g e
& 507
£ ] |
'E 40 ] Input calorie values [
@ 3 —@— 4.56 kJis
w30 4 —a— 5.21 kis H
] —}— 5.88 kJ/s
20 4 —— 653 klis H
3 =10
10 - Topars sming ssay = 1.0 5
E Air gap length = 2.0 mm
o ' ¥ T i

{
5 10 15 20 25 30
Electric Load [(2]

35 4

Fig. 5 The effects of fuel input calories on electric power
output

5.88, 6.46, 7.05kJ/s ©.& o] TS 0.8~1.2 7HA]
0.1 & 7PAAIFACE o] W, H7])53], Li gp 2 HSHA|
7] AL 7k 30Q, 1.0mm, 1.5ms ©.F TAAFCE

ORAREO & Ly @t A7]57510) w2 HHEEH S
3FOIG} A} Ly gap= ZF 1.0mm&} 2.0 mm O & 7hH
Al713L, ZF 27004 A7 7RSS 5, 10, 15, 20, 30,
40 Q02 7HHAIA AP eATS HAstct A
o Al Rl 10, ASHA7] A4 L5 ms, 37|55
90.0LPM 12|31 9189°] =93] H=Fo 588kl/s &
TGAFHE Lur gp = EY oA o] B H-0] 11742}
o} o] F A} Afo]e] AR Aojwn, 7][EA R Imm
Aro] A2 AA=U Lir wp + 2YIAYH
ofE]9] AR}k 2| H Abolo] 1.0mm ] gF TS
yo] 7hHAIZT

gjyojellzle] ATt AIREH o)Al IYAE
AtolofA] GE-F-2 stA =L, guojAld ol =
Z7] AR AleS A HEPRE AN HHES
W= ARt Agto] HiA Hr) 11g7; Aol
A&] o] A} FEL-Fo| dedo] ol s MY
o] frEE|IL WHEE o] AFHETE & Aol T
AEYE wfotslr] flste] 2lyojadelolH ] 14
Zpo]] 2~ | E|(Fluke; Scope meter 199¢)E 235}
of AT} M7 HEAQ] Vi@t Ams 7S 7734
Ail, T AEAE FFoay wAEES Lok

Z . oo 187

o %9 o] w2 2ol
954 solst gt gaplE 10, B3k
1

o] B &

7] A& 1.0ms, Lair gp & 2.0mm 2.2 1343}e] <l
AP sAEE AABIAL ofol w2 A AILE Fig
5 o YepgSich

o] AldeeolgFeo] Agka APAom doj=al, 11
& 5~40Q 712 72t 5Q A F7HAIF T
AFFFAE ol gdte] AR FgRFS 7HHA|
A3l 0|2 Eslo] dAR9] B9l duko 456, 521, 5.88,
6.53kl/s 0.2 Z47F 7 E| ek T3t o] 9] o
Fib A7) 5t wE WHEYS dotHr| st
Z2IS 456, 521, 5.88, 6.53kl/s 2A0E 7|9}t
of| &gste] FQlekelal, FEHIE 1.00% JIGA7|
7] flaliA GRS F71 FadE stolA F719 75
270, 80, 90, 100LPM.2.2 7HAA AT} 0|9} Z-A|o]
A7) 531 5, 10, 15, 20, 30, 40Q ©.& 7FHA AT
A Ay}, A5 BY g 3R 2 A7
H3}7} 7z} 5.88k/s, 90LPM, 20Q Z 7o) 41e] et
I A7 Aaxt 7 43,5V, 2.08A o, 71
° WP e 9] 90.48Wo] A QITh
ARe] £ g9 ALEAE =4 A7
el U @ AP Foto] e

Azo] £ gl F7HU5E WHEo| 371
SH= 22 Fig 5 Batel e 4 gtk 24 =
of ®¢J g 2AA A71537F 200 oA 400 ©
2 24 wasde) Zke T Hyo
U200 o o= Zrhshel ole waEelo] 7
SHe ek mgitk ol AAolo] A7|Hsks of
A 2ERA W SEo] v BN 9%

ujoleka AyzbEck

i

A23H8 A2Z 20124 49



188 EREERER D B

100 25
93.9
90.5

_ 90 85.0 \Qﬁg

2 80 3 2

o

g 70 =

3 oy

Z, 60 15 E

S

'E 50 8
(1)

£ 40 »r——* —e -

& ®

£ 30 i

5]

1) F=1.0

] 209 Qeiectic =20Q 0.5

Airgap length = 2.0 mm —ll— Electric Power
10 § Input calorie value = 5.88 kJjs [ | —&— Electric Cument
Flow ratey;, = 90.0 LPM —&— Voltage
0 T T T 0
0.5 1 1.5 2

Spark Timing Delay [ms]

Fig. 6 The effects of spark timing delay on electric power
output

3.2 FepA7|X|H He}

HBhA7] Ao w2 wHEHEA te 2t
2 Fig. 6o tehhick
3o ot o] 5] a4 Rt
22 APATel A Hejragelo] A4
A7)55) 200, E =9 deF 5.88kl/s I} 1
ojo) 2ASE FASH T Aelolq H2HAI71E 7t
# 2 wosigct.
£ Aol A HEHI7] A9 Ao chet 2.
Jolalae] ol FALe] =% A] ofEAe] 2
931, 5V 9 gAd
A7\ AB7} ZERA A Ao]| 2 Aeheich, %
2 W Ao 1 AEE TR
2 7+ 0.5, 1.0, 1.5, 2.0ms Tt S2AITE A AA|A
Aok 2 W Zolck
AR A A8H7] Aedo] F7HeE WA £

i
e
&
©
uf
N
)
<l
b
2
>
2
o
N

o] Z7Vel= AS Btk E3] HIA7|E 1.5ms
2 Adstgle o dEEo] 93.9WR 7t 275 5
7P w2 EEY0] AdEe e 29T+ o
et o= A7) AAE 1.5ms 2 e of ok
Z70] w3l gaEo] aTDC A oA Fgpr} o]
o] Arkal e = Qlr HspA7] A A& 2.0ms
2 P& A IHAESYL 2s]e] dasieirh

v
A\

s 9 AloluAshe) =B

120 4.5
1089 108.4 1M1.3
0.0 L

=100 95.7
= e
=S F35
g g0 | —H— Electric Power <
o —@— Voltage L3 =
:‘. —h— Electric Current 5
= \ E
= 3
= 60 "’%.\‘ﬂ 255
s £
L 40 r2 3
=] —
= ‘T\“ o
+=
e Qereerre =300 1.5
E 20 Airgap length = 1.0 mm

Tspark timing detay = 1.5 ms L1

Flow rate,;, =90.0 LPM

Input calorie values =4.70, 5.29, 5.88, 6.46, 7.05 kJis

0 " ' i : : 0.5

T T
0.8 0.9 1 1.1 1.2
Equivalence Ratio

Fig. 7 The effects of equivalence ratio on electric power
output

3.3 S| Hst

Fegvle] e WHEHHSE Fig. 7o WER
ok FEEIE 7HAAZ17] ffete] 5712 90.0LPM
o7 uHAT|L AR ¢ IS 7} 4.70, 5.29,
5.88, 6.46, 7.05kl/s ©& 7PHA|A TS 0.8~12 7}
Al 24 0.14 WslEs 3i3lct. o] w, X713} Lar gp
9 H3kA7] A2 ZF 30€), 1.0mm, 1.5ms &2 11
gote] sl

FEFH7E0.89014 1.0 ZFA]= Vims 2k Ams 7F 571

3.4 Air gap length H3}

gUoiA|udlo] el 3o TR} o5} Afole] A
22 Lur @] W30 W2 WAZ L Sopis] 9
sho] A Sk of w, ek 10, A7)
A 1.5ms, 3715 O0LPM 181 dg9o £¢ 4



289l . A=

Air gap length = 1.0 mm Air gap length = 2.0 mm

—{ll— Electric Power
—fic— Electric Current
—@— Voltage

—El— Electric Power
—é— Electric Current

—5— Voltage

120 5 T3 | a5
110 4 1023 % W22 |4
= 100 95.5 93.9
: 90_: 8 M/ﬂ 1/i 3.5
= E - g
£ go \7‘%9\ =
< 3 69.9 [3 =
= 60 \\ 253
% 50 P L £
S 40 F2 é
3 30 15
[T [e=10 T

10 4 Flow rate,;, = 90.0 LPM
E Input calorie value = 5.88 kJ/s

g T T 7 0.5
5 10 15 20 25 30 35 40
Electric Load [(2]

Fig. 8 The effects of air gap length on electric power output

FE 5.88kl/s o2 7F 7F 1At

TYAR} o] FAF Aloofl 1.0mm FA|9] GRe- T
F7FIAY AASH Lir gpe 1.0mm ¥} 2.0mmE
ZHAAIZAEE 12]AL 2} Lar gy 201 A7]551E
THAAIA 7FY Vims 9F Ams & S785FATE A2t
AFo AAAE A= Fote] &Y e ALtst
How, 7 AIS2 Fig 8 of YERfIH:

HbR 22 Lair gap ©] 1.0mm ¢ o} 2.0mm X}
Aoz A AEEAT A7)FsE 5 QR E
40Q 7] F7HAFH LM, Lair g ©] 1.00mm ¥ W=
300 o off 7 2 S o] AEgleH, 17

Baprl Z71eeS wdEYo] Hasks A4S 1Yl
A

4.2 B
2 AolAt 2 8 guoldnle 18 B
o] Y} olo] JFS mAL Fa AXE

2|
o]

2)

5

7] Aol S7rES U &2l S7Ist
ks Btk 53] A7) AdE 1.5ms
39S o), WHEo] 93.9W ©o& 7P =9k
H3tA7] AL 1.5ms 2 P o] ohE
of vla m|2Eo] aTDC LAolA 37} o]
Aokl sk 4= Qlek

H|7} 0.8 oA 1.0 7HA]= Vims £k Ams 7F
7FslaA Aupa o W Eeo] Frkshe 4y
S Hloh shARt Bge] 1.0 oj%=2= Ak 3
S HYltE gH] 1.0 24oA 2

W o AL Floldt

o I

ofl 41 B TR &
(o]
W

ok @ Y

3)

o
Ir

o N e B
(U )
M =2 o

4) Lair gap O] 1.0mm OE_! ]IH 2.0mm EE]'

7'" A Aéﬂ?»kq]:]— Eé_].—a Lair gap O] 1.0

% )
22
D e
o & O >
u rlo
Hir
o=

i/
=)

= ’ 30
AAE e, A7|RerE St WS
o ks Fd=E Bt
o, 20004 7HE =2 2

719t 37t LSS BHES B st

@)
BN
Y
2
>
N
)
Hi
rlo
=
)
i
1%
o

A23¢ A2 20124 49



190 elujolal e olggt shejsle] &
4= Sl AMHolth BSHAIRE Lar g ©] HOHESS
Yol glole o] A7 A gk57tel| ofste] 2o
1719] 27|95l a3t 4njdgo] o AXA =
ol st A3t Lar gap 24 = A=

o F7hx0R SaE Stk

zfﬁr—gﬂmﬂ'

K

B AT E AL R
of 4R AU BALLEA dAtE =
o}

£
Kl
Ho
ral

1. R. Mikalsen, A.P. Roskilly, “A review of free-
piston engine history and application”, Applied
Thermal Engineering, Vol. 27, 2007, pp. 2339-
2352,

2. Qingfeng Li,

“Simulation of a Two-Stroke Free-Piston Engine

Jin Xiao, and Zhen Huang,

for Electrical Power Generation”,
Fuels, Vol. 22, 2008, pp. 3443-3449
3. Jacheun Kim, Gangchul Kim and Choongsik Bae,

Energy &

“The Effects of Spark Timing and Equivalence
Ratio on Spark-Ignition Linear Engine Operation
with Liquefied Petroleum Gas”, SAE paper, 2012,
2012-01-0424.

4. P. Famouri, W. R. Cawthorne, N. N. Clark, S.
Nandkumar, C. M. Atkinson, R. Atkinson, T.
McDaniel, and S. Petreanu, “Design and testing of
a novel linear alternator and engine system for

in 1999 IEEE Power
Engineering Soc. Winter Meeting.

5. N. N. Clark, T. I. McDaniel, R. J. Atkinson, S.

remote power generation”,

>> aad 9 Al |y AeHE] =23

Nandkumar, C. M. Atkinson, S. Petreanu, C. J.

Tennant, and P. Famouri, “Modeling and devel-

opment of a linear engine,” in Proc. 1998 Spring
Tech. Conf. ASME Internal Combustion Engine
Division, Fort Lauderdale, FL, vol. 30-2, Apr.
26-29, 1998, pp. 49-57.

6. N. N. Clark, S. Nandkumar, C. M. Atkinson, R.
Atkinson, T. McDaniel, S. Petreanu, P. Famouri,
and W. Cawthorne, “Operation of a small bore

in ASME Fall Internal

NY, vol

linear two-stroke engine,”
Combustion Engine Conf., Clymer,
31-1, Sept. 1998.

7. C. M. Atkinson, S. Petreanu, N. N. Clark, R. J.
Atkinson, T. McDaniel, S. Nandkumar, and P.
Famouri, “Numerical simulation of a two-stroke
linear engine-alternator combination,” in SAE
Congress, Detroit, MI, Feb. 1999, SAE 1999-
01-0921.

8. N. Clark, S. Nandkumar,

“Fundamental analysis of a linear two-cylinder

and P. Famouri,

internal combustion engine”, 1998, SAE Technical
Paper 982692.

9. Yongil oh, Gangchul Kim and Ocktaeck Lim, “A
Study of Design and Dynamic Characteristics of
Compact Linear Engine for Portable Powerpack”,
2011, KHNES paper, Vol. 22, 4, pp. 512-519.

10. Goldsborough SS, Blarigan PV, “A numerical
study of a free-piston IC engine operation on
homogeneous charge compression ignition com-
bustion”, 1999, SAE Paper 990619.

11. W. Cawthorne,

Permanent Magnet Linear Alternator for Use with

Optimization of a Brushless

a Linear Internal Combustion Engine, Thesis, West
Virginia University, 1999.




<<
  /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


