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High sensitivity fiber Bragg grating temperature sensor

WEI Haowen , XU Ning
(College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210023, China)

Abstract: Fiber Bragg grating(FBG) sensor has low sensitivity, because of the limitation of its material characteristic. Improving
the sensitivity of FBG is in hotspot. Firstly, the FBG of three polymer coatings with high thermal expansion coefficient, silicone
rubber, epoxy resin and polydimethylsiloxane (PDMS) were simulated theoretically. Then calculating the central wavelength off-
set of the reflection spectrum with temperature and the sensitivity of FBG. The temperature sensing properties of FBG coating of
three kinds of polymer materials were examined base on the results of theoretical analysis. The experiment shows that FBG coat-

ed by PDMS not only keep a great linear characteristic, but also the temperature sensitivity can reach 0.0795nm/°C which is 8

times bigger than bare grating with the same grating structure parameters.

Key words: FBG sensor; temperature sensor; PDMS

035

F 20 28 70 AF ARG A2 s BL LK Je £ A
WS SEHE (FBG ) 1 Jg i LI i A% R RE T ) 25
I B2 A R B ZRAME G 2R U AR 2 28 AR A%
SRbICdrE N

FBG H1 52 ot B S0V 1) o 247 7 ve G et 32
I 45U, I O ARz, i T #ET) FBG 7R

W7 B H#1.2018-12-17,
EL&TH . ITHABOR S 5I935 H (BY2016010-01) % B,
PEE B B R 0 (1993-), 9, A sk T
g HhL K 2 e TR 2 B | N SO 2 1 R I A%
TR 45 (AT ST, BRI BE S5 EE ST D5 1 A A A% FBG
At I3 0 1 ORI AT A% FBG Yk b B

JEAG AL I B, IR Z 2B P2 T 2R iy =X,
i FHASF R BHE S FBG U B R B3 0y =0, i T
{7 2 14 S B0 ORI B 1) LA | IR 1 22 2 3 T E 5
X4, MYk 2 TS FBG T AE PR B IR AR fk
B, RSO R T A B SO KM BB X FBG R
JEif, 3Z A B FBG T 7= A 1 9 K (B8 & 22 B B K F
M, I T FBG AR R . A Gl s 5
SEEXE L 3 PR G W R FBG, 0 M BE HEAT 43
Br.

1 FBG & R JRIE

OGPGE L FBG W1 2 Bragg 75 19 G K B
S 858 (81 BSEAT BRI A v O A A WA Hh s S )
ot B S BUAL A S 40 FBG BIILRC A5 F D

A)\D _AA Ancff
Ay A ’ g )

2019 445 5 1]

pamass O



&3 13 &3

BLGESC AT v RAUE AR WA DL 2T DB AR A5 s

Horr Ay J& FBG A0 BA% %4 (Apy=2n4A) , ANy SZ A
T B it | ng 2 OGRS B A RO B A P 4t
RA B, An  Fl AA 2 FBG 52 2 B 5 A2 AL 52 i
HETT 7= AR 0 A BT S 3 A kR A ) 0 AR b
(1) T Y I FERET AL FBG 9 7 A% I K ()
D7 DRLR AR 1

SIS eES B B S W v B oty QA L o5 G VAN
AR IR HR G R RV B AR AR AR K R BORET
n., RAAEAL TR )RR v 4 Tk DGR R
A il A R —E R, TR N KR
TELEE RN 1 A8 Ak K A m RS, HRIA N,

2

AN, =214/ 1+’?‘[Pn—vLRI+Pn>J &t
(/ dneﬂ' )
[a+M]AT ] 2)
Ny

Hp p F1 P, o BRGEF 9 5O R R AL, e A FBG 1
N AR v MR A L o SRR ET I R K R
B, AT 2 FBG iR 228 A5 A BRI 8 < i B8
77 AR B R R ARV OC R IR FBG REMEAE M 1%
JERER I fe R LR

M (2) T LLE H FBG 1% Kl 5% 32 22 32 3]l
BEFRIR T3 2 AR SE I, T AN Il e AT JE 1L
KR, FrLhY 2 AR E AR AN A K
T A TS G AT 1 SR R RR BOG T HR AR 8 5 B)i% H
FR) T 4% A0 L 5 1 i A A iy B S B 3R A T
Y KRBT Bk, I o 4 1 R K 22 5500 b ) i
FBG, 1% FBG 7r 7345 i 5 & A AR AL i A2 381 58 b sk
(9 He 30, DT 3 A% 8 o RO (H i PRI K R 8K
ANEXT FBG 34 U #2225 R ME— N 3 (TR A
SR T 5 B, (A U O R R P K R RO A
), [F AT 2225 R IR O RS FBG B & R 55 ) AR
SCR T RERR S . B AR i DL B R O R b
(PDMS ) 2 45 155 i ik 22 BUR & V145 FBG AT RLXF FBG
PEATUR B IR B XF FBG MU AR

2 Bt

AT Optical Grating £5 B FE 25°C~50°C o3
XTI AT 3 R RS YR BN FBG #EAT RS B
M FBG BIZENE 1 Fion , i T3 82 5 B2 B9 R/ xk
FBG 1Y R WA AT 52 ma | BT L S BOF RN TE R
M.

Q) wBmizaa e 2019 455 5 1]

* 1 FBG 8#
SRR Kl
ARG 1.47
LA i 4] 527.21nm
LAY/ 3 1550nm
IR IES LIRS 0.0002

5 HFRW . A FBG (1 B 0 i # bl 2 T 2
1) e 32 T R I B T A A | HLAS (8] B4R U B
FBG 19 5 565 4 1) i B it R/ INA e DX 4 A ) 45 A
T, 7E U B AR A BB R G W iR B ) FBG O UK
o B T, 3 Fh RS W AE IR AR AR R DLRE
P R FE IR FBG AR TR 4 I8 4 A 3% 85 /0N | 1 LA
PDMS ALK FBG W KA A% it e K,

15 B0 4 Ff FBG By Hp Ly S 5 ik 4 i 308 5 A% 4k 4
B1 s, M 25°CAE 46 2 SOCHT , B DL K LLRERR G
REJE . HEM R RIS PDMS MK R 4 F FBG
Y H O B K I B2 43 59128 0.26nm,0.4291nm ,0.6525nm
Al 2nm, ZTFSATH X 4 FF FBG FTX N ) I R
BE 43 M 2924 0.01040m/°C ,0.017 1nm/°C ,0.026 1nm/°C il
0.085nm/°C , 3 PR BRI AE XS T RRM, 7R 85082 79 i) 42
FH29°8 1.7 £ 2.6 f5F1 8.5 i, Horfr PDMS M 1 B0k
R T A 2 M e R 3 PR AR
IIFBG AHXT T RS AT — 2 19 RS T I LK
vl LUE 3 i FBG 11 I8 A< Bl i 3 AR A 0 LA
RAFMZPEC R, L BRI R IR FI PDMS 3%
3 FhAF RS BEAE H T X FBG 35 L,

1553

—e— M

—6— AMIKFBG
—¢— LAMNEFBG
—o— PDMS/KFBG

1552+

1551

K

AK (nm)

15508

0 45 50

25 30 35 4
BE (C)

B 1 4% FBGHLKKHEEEELXR



3 3

&3

a0

3 5wt

g T AR A SR ME R SO Y 4 ST ER Y
SR FH P A 2R A7 AR T 9 TR 25°C~90°C, B
Y I A B 5°C, S g A LA Sl IR | S
55 T F 635 A (258 Yokogawa AQ6370D) 18 il
(5  COLUMN OVEN LCO 102) 1 FBG (0> i &
9 1550nm . A7 3P IR 2x10~, XK EE
12mm  ng=1.47 FI#& ] A=527.21nm),

AR YR SE 00 SN AR U0 v BUZ 3 A AR A CTE
WA, IF L 5°C 1Y I R) BE 45 S0f 18 5 A IR T =
90°C5 PP Tt B AR 2 = 0l 1 28 5 WK, B IR T Bl 45
T 8] B 2 VR IRE ) Dol P Y A o 9 U B R R AR
XFERALEM 10 AL AT ge it RO (E , 3 4
R 0 B8 B 1 58 U | B A L B S S VR S TR
AR 1 SR P U BOUS 1 RRAN EE T A TE R A
o EE IR IR R B SEERAER L A 2
B

2 IRMFXME

3 Bl HUA B P REAR RS IR T SR, i A
JE ik, TE-55°C~180°CHY ik B 35 [l N #R RE A% 1E 5 TAF
H Y ERET IR E Rk 200°C LA B EAR FE— 2 M 23D
PR ] S AR YR S T FH 1) A SRR B S B AR
B AB LA 1:1 19 Le it AR & r il a8, IR 5% 1
ISR T RS 2 i | EL O BB AR B {E 3 3h
PR S5 TR PDMS B 32700 5 R L 1001
B HE B AT IR A, T T PDMS B 52 B R G £6 53R 1%
TRR R TC I A B AR B R R
Ik Ak TR e UK RO S REM R AR
UFBYAHZEME . REARE A 4ER i FI PDMS e B4 BB B
AR AR 25, 73510 5.9x107~7.9x10"m/C .
0.5%10~0.6x10*m/°CF1 1.2x107~1.8x10*m/°C .,

BLSESC AT v RS AR WA L ET e 15 s

4 Fp FBG w0 K # 5 0 BE A2 A an &l 3 TR
AL LLE 3 Rl B SO R R U 1Y FBG LA} S AE Xt
TRRMER A — R b8 R L I O A Ak 1 iy
LA —ERLPE, THE R BRI R Y
4 0.0107nm/°C, i LAREAR BEAE 2 HE BT 1 FBG | LA %
B R 2 BT 1Y FBG A1 PDMS Uk BLI% FBG 1) R 5%
4394 0.0155nm/°C ,0.0248nm/°CF1 0.0795nm/°C., A%t
THRME, 3 F FBG Y R U 4 2T T 1.5 £5 2.4 f%
8 £,

1556
—>— L AMAEFBG1
1555+ ""'f/T\%kﬁH‘éFBoz
— ==L AR FFBG3
—>—A 1% JRFBG1
----- A2 IRFBG2
1554 | — — —2ARIKFBG3
—&—PDMS/KFBG1
————— PDMSJXKFBG2
1553 | = — “PDMS/XFBG3
= —>—Ri KA1
£ ||z== A 5L 52
E 550 L= =2 52503
W
®
1551
1550+
1549 . . ) . . .
20 30 40 50 60 70 80 90
BE (C)

El3 47 FBG HORKEBSRETHNIEE

Kl 3 i REAR I FBG3 IR i FBG2 LA & PDMS
i FBG2 T3 B AF 014k 58 A R S 80T r e =k
TN 2250 BRUA LAE BLAN  AEAL 3 U e Y i £ A
RIEAR —F, X UL 3 A RN FBG EE MR
4 3 FpbR R BR AR R B FBG 1 2 S0 I et
AR LR R 22 LAAE | 53 A 2 B R AR AR
JEAAL HA RAFIZeMOC R it G th 2 32T
LI H PDMS 4B T #0022 s 4R T ok, B
B T W L N AR

M 3 AT IR T TR B FBG R AR = T 6k
BB FBG, (H/NF PDMS IR B FBG ;3 Flibf
A e R AR 1) AR T 2R R T 1 H 3 5B R A K
% Rk 2R B8 /N 0 PR S8R s TT B Fh T R AU 1 AR ik
R B A VT L T 5 50, REAR AR 5 44 RS B9 B L
BR R BE RN L5 0 AR 5] 1 PR B AR Ak
B, REAR I 52 AR K S5 XSG £ it 1 15, ) R ¥ 5) e
PALREARR I AR AR TE T FBG MY IR B 2 0% | (0 H AR R 5%
25, FE 3 R IREOM B T R ASE A VRN FBG Y 1 b
B PDMS B K R B T =38 Z 0] {0 H 1 BUR
BERLIL AT 55 A0 2 B B T ER AR AL PDMS i #BH

201945 s RBmIEEF O



3 3

BLSESC AT v RAUE AR WA DL 2F DB 15 s

A RIFMRIEMEZ N, #AEWEIE o FBG 193 M4
K, FBG A B vy A% S s i I 5 PR/ | PR kg T
VAR T 5 00 A5k 4 91 L2 908 - 190 U OB R

4 5RIF

AR SCIE L X REAR S R ERE R A PDMS IS 3 i
I Ik 22 800 A W IR BN FBG #E4T 25°C~90°C T
BT S B 5, A5l o B A 00 B FBG B S RE 2 T
T RS S, IR R TR T A (R TiR
BREYARG WK ZE A S5RAW FBG 1]
BERIRA —E MR, WX 3 U8 dE 1T AT
HEMIMEEY T, WBEBRK W FBC 7 8 #
Fre A, B IR BUS B9 FBG 28 M Bt R G DR, A%
HEAE A FBG 1 Tk SR R IE AR & — AR 4 (1 2 5 IR 4R
PRE R B FBG FEMIE T — & RABE TR T,
) B 000 55 A 26 P 8 Fn mT B R 1 JE —FR L 55 B9 FBG
R OO PDMS IR UR B FBG 3G 808UCR & o B
SIS T, BBIA E] 0.0795nm/°C Y R A LA
A T IR AR PRI T T2 3 f5, O HLZR 1k R AT i
Sk R REAR G X T kG B RN /DN I B L % T A
&, PDMS B2 3 B bbb e dr i 8, BRIk, W
PDMS i 3% ¥ A s 3R & 91 1) FBG B2 42 7+ FBG #£
R i T P8 00 e 45038 ) o 3

S5 30k .

[1] ESPOSITO M, BUONTEMPO S, PETRICCIONE A, et al. Fiber Bragg
grating sensors to measure the coefficient of thermal expansion of polymers
at cryogenic temperatures[J]. Sens. Actuators, 2013(189): 195-203.

[2] CHENG X, QIU W, WENXUAN W, et al. High-sensitivity temperature
sensor based on Bragg grating in BDK-doped photosensitive polymer opti-
cal fiber[J]. Chinese Optics Letters, 2011, 9(2): 1-3.

[3] PARK C S, HAN Y, JOO K I, et al. Optical detection of volatile organic
compounds using selective tensile effects of a polymer-coated fiber Bragg
grating[J]. Opt. Express, 2010(18): 24753-24761.

[4] UMESH S, DAEGIL K, HYUNIJIN K, et al. Polymer-coated FBG sensor
for simultaneous temperature and strain monitoring in composite materials
under cryogenic conditions[J]. Applied Optics, 2018, 57(3): 492-497.

[5] LANG Z, LIU Y, XIAOLIANG G, et al. High temperature strain sensor
based on a fiber Bragg grating and rhombus metal structure[J]. Applied Op-
tics, 2015, 54(28): 109-112.

[6] GANZIY D, ROSE B, BANG O. Performance of low-cost few-mode
fiber Bragg grating sensor systems: polarization sensitivity and linearity of
temperature and strain response [J]. Applied Optics, 2016, 55 (23): 6156—
6161.

[71 HU X C, SAEZ-RODRIGUEZ D, MARQUES C, et al. Polarization ef-
fects in polymer FBG: study and use for transverse force sensing [J]. Optics
Express, 2015, 23(5): 4581-4590.

[8] SCHMID M J, MULLER M S. Measuring Bragg gratings in multimode
optical fibers[J]. Optics Express 2015, 23(2): 8087-8094.

[9] RAMAKRISHNAN M, RAJAN G, SEMENOVA Y, et al. Overview of
Fiber Optic Sensor Technologies for Strain/Temperature Sensing Applica-
tions in Composite Materials[J]. MDPI, 2016, 15(4): 7-11.

[10] NAM S H, ZHAN C, HAHN C, et al. Bend-insensitive ultra-short
longperiod gratings by the electric arc method and their applications to
harsh environment sensing and communication[J]. Optics Express, 2005, 13
(2): 731-737.

[11] BHATTACHARYA S, DATTA A, BERG J M, et al. Studies on sur-
face wettability of Poly(Dimethyl)Siloxane (PDMS) and glass under Oxy-
gen-plasma treatment and correlation with bond strength [J]. Microelec-
tromechanical Systems, 2005, 14(3): 590-597.

[12] JUNG J, NAM H, LEE B, et al. Fiber Bragg grating temperature sensor
with controllable sensitivity[J]. Applied Opt., 1999, 38(13): 2752-2754.
[13] LIN G C, WANG L, YANG C C, et al. Thermal performance of met-
al-clad fiber Bragg grating sensor [J]. IEEE Photon. Technol. Lett., 1998
(10): 406-408.

r R39,239,239,239,239,299 999 099 999 299 209 209 299 299 209 299,299,209 239,239, 239,239,23,239,939,239,939,939 209 2399 039 209 299 299 209 299 299 209,299,299, 209,229,239, 239, 239,239,
e &
fiE = 121 0

1 ORASCTT A G, A RIRTS G il B (R A0 b 25 VR ACAE [R) B, AS RIS AR 34 AT

2 W AE N AR 05 G 5 B IR oG (B HA DB 4% DediiF DB Defeh nl WGl 5 L4t (s =1
WAE JELFE8E el fE TR ) e A B B S fER HAR YR E R %k,

3ATIEE S P E A AR P OERLRR) ) HL 7 2% G AL AT RS 7 8555 (CAJ-N W28 15 &~ AR 30 1) 45 AR i b o3
WY, i R A AR T (2% R ) ) (CAT-N) TE 2 R IR 4 i, 3 i I 46 1 K 22 0 | A e 5 R HE U

T R0 P 45 LA BRI R P AN AHE RIOE SCBLH MR8 B 40 M A L2 R R Rk ig b i
SCF AN R R SEAE RIS RS T R4 K R DR LR R RS SRV RO R K
A IR 2 T S T T RO BRI AE | 4% 1 R 18 SO D TE S RS S, T2 4R - R T A RS AR L R D SCAE:
B AR SC 45 1 AR S (Ve SCYE A FT LA v [ R0 R 2 s 3T ED )

4 KA — LA T 2% 30T G RS RN S A B A7 5 A P BRI RS RS | 25 8 8 25 25301208 2 52 A
PN T A 2 — R S AN 2% R (00 4 Rt 1 2 R Il R ) i P Ol 5 B ) i 7B

O R AR AE e REE GEE EEE B E A AEE REE GEE EEE AEE AR AEE AEE GEE AEE AEE AEE AEE GEE EEE GEE B AEE REE GEE EEE GEE B AEE AEE GEE EEE AEE AR AEE AEE GEE GEE GEE AEE AEE EEE EEE"

fg_iiab?gsg_‘q)gj;%gjﬁ@?&uig&;&jig&iﬁﬁiﬁ&ﬁDigﬁgjﬁgﬁﬁbﬁﬁ
W{ﬁQiQQEE?QﬁRQEFéQEF§EF§EF§EF§EF§EFEQEKEQEFEQEFEQSFT:QEFéQEFT:Qé)

\
=)

(£

) RBIEIAFe 2019 5 5 1]

—~




<<
  /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


