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Abstract. In aviation hydraulic drive of high power as a power supply the axial-piston variable displacement pumps
became wide spreaded. The pump operational modes with air isolation and cavitation are accompanied by increased
noise, delivery reduction and intensive pressure oscillations. The negative results of such phenomena are hydraulic
elements erosion, pipeline fatigue failure, working fluid viscosity reduction and its contamination by wear products.
The mechanism of cavitation rising in axial-piston pumps is considered, and factors which influence the cavitation ris-
ing and working fluid aeration are specified. The features of transient processes in aircraft hydraulic systems with va-
riable displacement pumps are considered. It has been showed that as the pump delivery changes from its minimum to
maximum great pressure oscillations in the aircraft pressure pipeline of the hydraulic system takes place, and have a
negative influence on the pump service life. The recommendations concerning such pressure oscillation reduction are
given.
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1. Introduction

The world trend in the transport aircraft centralized
hydraulic systems (HS) development is wide usage
of variable displacement pumps which provide re-
quired pressure in the HS pressure pipeline at differ-
ent flight modes [1], [2],[3].

The gained experience of aircraft operation
which have centralized HS with variable displace-
ment pumps, points out to the possibility of weakly
damped pressure oscillations rising in the pressure
pipeline at a transient modes of HS operation. Such
pressure oscillations significantly increase the load
on the bearings and elements of pumping assembly
unit and greatly reduce its service life. Especially,
such negative effects inherent to aircraft Ty-134A
and SIk-42 hydraulic systems. The axial-piston vari-
able displacement pumps of HII-34M and HII-
72MB- type respectively are used in these airplanes
[4]. The rising of such typical operational malfunc-
tions in the hydraulic systems of these aircraft as
pressure reduction at the pump inlet or pressure drop
in the gas chamber of pneumatic accumulator in-
creases oscillations of transient processes.

2. Analysis of researches and publications

Most of volumetric pumps create the volumetric pul-
sation with frequency which depends on number of

pumping elements and rotor shaft revolutions. Pulsa-
tion amplitude depends on the pump design. The
volumetric pulsation is the source of force that pro-
vokes appearance of forced oscillations [5].

The hydro- pneumosystems dynamic characteristics
significantly depend on other parameters. In particular,
the viscosity and compressibility of the systems working
medium are referred to them. The-se two parameters are
functions of the working medium state and their physical
and chemical properties, which depend on temperature
and pressure. For liquid they depend also on quantity of
undissolved air it contains [6]. Influence of these parame-
ters, in particular their mathematical formulation, have not
been studied yet. The viscosity can vary in range of 1:10
and compression occurs in greater limits especially for
double phase liquids. So it is evident that mentioned
above properties considerably influence the dynamic
characteristics of hydraulic and pneumatic systems.

The volumetric pumps are characterized by dispropor-
tionality of the liquid delivery. The delivery pulsations are
not strictly harmonic, but the first harmony expansion into
Furrier series gives us sufficiently accurate result at the
hydro-systems dynamics studying. These oscillations are
transferred along pressure pipeline to the separate system
devices in the form of input signal. When oscillations
frequency of liquid coincides with natural frequencies of
pipelines, governors, actuators and other devices the reso-
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nance can occur. The resonance provokes great vibrations
and noise in hydro-system. That is why, during the hydro-
system designing it is necessary to eliminate conditions
the resonance is possible to occur. Most often pipelines
dimensions are determined taking into account design
features so changing of these dimensions are not often
reasonable [7].

For hydro-systems vibration level reduction it is
necessary to choose correlations during design be-
tween capacity and inertial resistance in pressure
pipeline that consists of the pump, safety valve, fil-
ter, distributor, hydro-engine pressure chamber, etc
[8]. Moreover, the pipeline that connects these ele-
ments is small enough, so we can consider this chain
to be a system with concentrated parameters. A pipe-
line that goes to actuators can have considerable
length, that is why, for system solution in this case it
is necessary to take into account appeared here wave
processes [9].

The purpose of the work

The purpose of the work is to develop recommenda-
tions to prevent significant pressure pulsations in the

pressure pipeline of the aircraft hydraulic systems in
transient modes of the pump operation.

3. Results of investigation

Specialized experimental investigations were done at
the hydro-gas systems department of the National
aviation university to develop recommendations to
prevent significant pressure oscillations in the pres-
sure pipeline hydraulic system of the aircraft fx-42
in transient modes of pump HII-72MB operation.

Pump HII-72MB (Fig. 1) is a rotary pump with
axial cylinders arrangement and spatial kinematics
[4]. The pump has a tilted block of cylinders 3,
which is rotated by the driving shaft. The pistons of
the cylinder block move relative to their case. The
distribution of the working fluid is carried out
through crescent slots of the valve plate and orifices
of the cylinder block. In the cylinder dead points the
orifices are overlapped by bottom and top cross-
pieces that are situated between the control slots.
The pump delivery is regulated by changing the an-
gle o of the cylinder block inclination.
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Fig. 1. Design scheme of hydraulic pump HII-72MB: / — cylinder of the delivery governor;
2 —valve of the delivery governor; 3 — block of cylinders

The delivery governor regulates the pump deliv-
ery depending upon the mode of the aircraft hydrau-
lic system operation. In the static modes of operation
(Fig. 2) the pump delivery is equal to fluid flow rate
on consumers operation Q. and total leakage com-

pensation O, [9]:

Qp (p) = Qcom + Qleak :
If consumers are non-operated, the pump delivery
approaches to minimum. If at the moment a consumer
with a high required flow rate starts to operate (for ex-

ample, landing gear system), than delivery governor
changes pump delivery for maximum. Nowadays, the
strict demand is estimated on the speed of operation of
the aviation pump delivery governor. Time of changing
of the variable displacement pump level from minimum
to maximum one should not be greater than 0,04 sec,
and time of reducing the pump delivery from nominal to
minimum value should not be greater than 0,02 sec. The
transition process that accompanies such change of the
pump operational modes has an oscillatory mode [10].
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Experimental investigations have shown that the pa-
rameters of transient processes in the pump are signifi-
cantly depended on technical condition of both the air-
craft hydraulic system and the pump itself [Germany].
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Fig. 2. Dependence of the pump HII-72MB delivery on
the pipeline pressure

To improve the operational conditions of pump HII-
72MB in SIk-42 aircraft hydraulic system the hydraulic
tank pressurization is provided (at normal conditions

pr. = 0,19...0,21MPa). However, during flight the

pressurization can vary. It is caused by different HS op-
erational modes and different flight altitudes. As altitude
increases the pressurization is reduced because the pres-
sure regulator provides constant pressure drop relative to
the atmospheric pressure. In addition, the reduction of
pressurization is observed when the liquid level in the
tank sharply decreases due to landing gear extinction,
since the filling of the hydraulic tank air chamber goes
with some delay.

In Fig. 3 experimental dependences of the pump
delivery and pressure pulsations in the aircraft pres-
sure pipeline on the pressurization in the hydraulic
tank at nominal frequency of the pump driving shaft
rotation (7 =4000 rpm) and different pressure in the
aircraft pressure pipeline are shown.
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Fig. 3. Dependence of the pump HII-72MB delivery and
pressure pulsations in the aircraft pressure pipeline on the
hydraulic tank pressurization: / — p, =10 MPa; 2— p =
=15 MPa; 3 — steady mode; 4 — transient mode
Experiments have confirmed that the pressuriza-
tion in the aircraft hydraulic tank influences the

pressure value at the pump inlet and significantly
effects its operation. The initial decreasing of the

pump delivery starts at p%”* <0,125MPa. The sharp
decreasing of the pump delivery at p, =15 MPa
starts at p[‘jfs =0,10 MPa that corresponds to the at-

mospheric pressure at the sea level. Total delivery
breakdown due to considerable pressure oscillations
and pump vibrations which indicate the cavitation
mode of the pump operation in the hydraulic tank at

pressure p;’ff =0,06 MPa takes place. Experimental

investigations have shown that for normal pump op-
eration in the aircraft fIk-42 hydraulic system the
pressurization in the hydraulic tank shall not be less
than 0,15 MPa.

During the aircraft running the considerable pres-
sure oscillations in the aircraft HS in transient modes
of pump operation were admitted. As an example,
the oscillogram of pressure oscillation in the aircraft
pressure pipeline at the moment of landing gear re-
traction process completion is shown in Fig. 4. The
frequency of the oscillations is equal to 12,5 Hz.
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Fig. 4. The oscillogram of pressure oscillations in the
Sk-42 pressure pipeline after the pump HII-72MB at the
moment of completion of landing gear retraction

An effective way of pressure oscillations reduc-
tion in transient modes of operation of the hydraulic
system with variable displacement pump is to estab-
lish a special pressure oscillation dampers of capaci-
tative type [8]. Calculation of such oscillation dam-
per is reduced to the added volume V,, determina-

tion based on the required degree of pressure oscilla-
tions damping in the frequency range typical for
specific aircraft hydraulic system.

For added volume V , of pressure oscillation
damper determination the technique developed by
V.P.Shoryn was used [8].

Dynamic performances of damper will be deter-

mined by impedance Z,,, a module of which depends

on the added volume of the chamber and decreases
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monotonically while the frequency of oscillation is
growing up:

2

pa
oV,

Z,=—j

where j= \/—7 — imaginary unit; p— liquid den-
sity; a — velocity of oscillation propagation in liquid
(speed of sound); ®=2mf — angular frequency; f
— frequency of oscillation.

The formula of the added volume V, that pro-
vides pressure oscillation damping to designed one
under the worst operational conditions of the HS is
given below. The argument value of oscillation re-
flection coefficient ¢, (0)=—m/2,

m+D|Y,
VMZSup{pa (+D) z<w>|} .
© [‘*)1»0’2]

In this formula m — given value of oscillation
damping coefficient; Y;(®) — total conductivity of

hydraulic circuit.
Y; (®) can be estimated by formula:

Yint+Yi’1 1 1
Yz(03)=e,-Tm)p§ V=25 Yy =7,

int inp

where Y, — internal conductivity of source of oscil-

lation; ¥, »

— input conductivity of hydraulic circuit:
o, =27f,; o, =27f,.

For the aircraft SIxk-42 HS f, =5 Hz; f, =15 Hz.

If pulsation damper is located at some distance
from the oscillation source, it is necessary to provide
the condition for the increasing of oscillation ampli-
tude in the area of «pump — oscillation damper»
throughout the considered range of frequencies

(f,=5Hz; f,=15 Hz), so

V. >sup[%(S+pa‘Y;((x))‘)} ;

oc[oy, o]

where S — pipeline cross-sectional area at the
«pump — oscillation damper» sector.

Taking into account mentioned above formulas
the optimal volume of pulsation damper for aircraft
SIk-42 has been determined. The value V,, was

equaled to 210 cm’. However, taking into account
the real stiffness of pulsation damper walls the add-

ed volume V,, should be increased by 20% [8]. So

for the effective pressure oscillation damping in the
aircraft SIx-42 hydraulic system the oscillation dam-
per of volume 250 cm’ is required.

The special experimental investigations of the
aircraft Slk-42 HS operation were conducted on the
semi-fullscale stand in order to confirm the obtained
results. The operation of landing gear «retraction —
extension» system was simulated by special elec-
tromagnetic valve. The transient processes re-
cordings in the system were conducted by means of
oscilloscope. Similar investigations were conducted
by means of a real aircraft hydraulic system. Meas-
urements of pressure pulsation in the HS after pump
HII-72 MB were carried out by means of the sensor
JIX-601, which signal was recorded on the screen of
oscilloscope C8-12.

It was proved that installation of an appropriate
pulsation damper significantly reduces pressure os-
cillations in the HS (Fig. 5).

D,, MPa
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Fig. 5. Oscillogram of pressure oscillations after the pump
HII-72 MB in pressure pipeline of the aircraft SIk-42 HS
at the moment of landing gear retraction completed ( the
additional pulsation damper is installed after the pump).

Experimental investigations have also shown that
the parameters of the aircraft HS transient processes
essentially depend on the technical conditions of
pneumo-hydraulic accumulator, which is installed in
the HS pressure pipeline. Weakly damped pressure
oscillations with amplitude 4...6 MPa can occur in
the aircraft HS due to pneumo-hydraulic accumula-
tor gas chamber pressure drop.

Besides, the hydraulic system oscillations reduc-
tion can be achieved by the increasing of pump in-
ternal working fluid flows. The V.I. Zahrebelny’s
[11] investigations show that the effective mean of
pressure oscillation reduction is the special check
valve installation which allows the certain amount of
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working fluid flow from high pressure line into drai-
nage. It artificially increases internal working fluid
flows and the minimum pump delivery at non-
operated consumers and improves the pump cooling.
The negative result of this method of pressure oscil-
lation reduction in the aircraft HS pressure pipeline
is decreasing of the pump volumetric efficiency.

4. Conclusions

The pressurization in the aircraft hydraulic tank in-
fluences the pressure value at the pump inlet and
significantly effects its dynamical operation. Ex-
perimental investigations have shown that for nor-
mal pump operation in the aircraft SIx-42 hydraulic
system the pressurization in the hydraulic tank shall
not be less than 0,15 MPa.

An effective way of dynamic pressure oscilla-
tions reduction in transient modes of operation per-
formance of the hydraulic system with variable dis-
placement pump is to establish a special pressure
oscillation dampers of capacitative type.

The cavitation in the pumps on certain stage of
operation can develop on one’s own and against
background of air isolation. Without air isolation the
cavitation develops due to insufficiently input pres-
sure at which the liquid separation from the pistons
occurs. The greater speed of piston movement the
bigger the input pressure is required in order to en-
sure operation without cavitation. The air isolation
begins at pressure less or equal input pressure which
corresponds to cavitation threshold.

For cavitation performance of axial-piston pump
the three segments presence is typical. In the first
segment at sufficiently pressures Dinp the pump

delivery does not depend on input pressure. In the
second segment the pump delivery gradually de-
creases due to air isolation and cavitation process
starting. On the third segment the pump delivery
sharply decreases due to processes intensification.
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I. 1. 3aiionuxoBchknii’, B.C. ByTLKOz, T.B. Tapacenxo’. KoauBanus THCKY B NepeXiIHUX mpouecax riipas-

JIYHHMX CHCTEM 3 HACOCaMH 3MiHHOI mogaui

Hauionanphuii aBianiiiHuii yHiBepeurer, npoci. Kocmonasra Komaposa, 1, Kui, Ykpaina, 03680

E-mails:'evgenia_zay@mail.ru; “butko37@mail.ru; *naugas18@ukr.net
VY aBianifHOMY TiAPONPUBOI BEJIMKOI MOTY>KHOCTI B SIKOCTI JKEPETI KHUBJICHHS OTPUMaI PO3MOBCIOJDKEHHSI aKCiallb-
HO-TIOPLIHEBI HACOCH PEryJIbOBaHOI mmojayi. Pexxumu poboT Hacoca, 3a SIKMX BigOYBA€ThCsI BUIIUICHHS MOBITPA 1 KaBi-
Talis, CyIpOBOJDKYIOTHCS IMIJBHILIEHNM LIYMOM, 3HV)KEHHSIM I10/1a4i, IHTEHCUBHMMH KOJMBAaHHSAMH THUCKY. HeratuHi
HACIIIIKU IMX SBUII — €pO3isl eTayieil, BTOMHE PyHHYBaHHs TPYOOIPOBOIIB, 3HIDKEHHS B'S3KOCTI po0O0YOi pimuHH, ii
3a0pyAHEHHS MPOAYKTAaMH 3HOCY. Y CTaTTi PO3TIISTHYTO MEXaHi3M BHHUKHEHHsI KaBiTallil B aKCiabHO-TTOPIIHEBUX Ha-
cocax, BU3Ha4eHI (paKTOpH, 110 BIUIMBAIOTH HA BHHUKHEHHS KaBiTaIlil Ta aeparlii poOo4oi piquHH B IIX Hacocax. Takox
PO3TIIIHYTO 0COOIMBOCTI MEPEXiTHMX MPOIIECIB B TigpocucTeMi JiTaka. [lokazaHo, mo mpu 3MiHiI ofadi Hacoca 3 MiHi-
MaJIBHOI 10 MaKCHMAaJIFHOI MOJKJIMBI 3HaYHI KOJIMBAHHS THCKY B HaIlipHIA MaricTpaii TiApOCUCTEMH JIiTaka, sIKi HeraTH-
BHO BIUIMBAIOTh HA pecypc Hacoca. JIaroTbest peKoMeHAALIIT 010 3MEHIIIEHHS TAKUX KOJIMBaHb THCKY.
KoarouoBi ciioBa: rigpapiiuHa cuctema; KapiTallis; KOJIMBaHHS THCKY; JIITAaK; HallipHa MaricTpajb; HACOC PerybOBaHOT
nojavi; mojaya Hacoca; podoua piguHa.

I. . 3aiionuxoBchknii', B.C. Byteko’, T.B. Tapacenko’. Koe6anusi 1aBjieHHsi B 1ePeX0IHbIX IPOIeCcax

THAPABJIMYECKUX CHCTEM ¢ HACOCAMM NepeMeHHOI nogaun

HannonanbsHbIi aBUaliMoOHHBINH YHHBEpcUTeET, pocn. Kocmonasta Komaposa, 1, Kues, Ykpauna, 03680

E-mails:'evgenia_zay@mail.ru; *butko37@mail.ru; *naugas18@ukr.net
B aBnanmoHHOM ruApOnpUBOAE OONBIION MOIIHOCTH B Ka4eCTBE MCTOYHHKOB IMHUTAHMS MOJIYYWIN PacIpOCTpaHEHHE
AKCHAIIFHO-TIOPITHEBBIE HACOCHI PEryirupyeMoi mogaun. PexxuMel paboTel Hacoca, IPH KOTOPBIX MPOUCXOAUT BEIIENE-
HHUE BO3/IyXa U KaBUTAIHS, COTPOBOKIAIOTCS MOBBIIICHHBIM IIIYMOM, CHIDKCHHEM T0JJa9l, MHTEHCHBHBIMH KOJICOaHMSI-
Mu gasneHus. OTpULaTeIbHBIe TOCIEACTBUS ITHX ABICHUH — 3pO3Us JeTalel, yCTaIOCTHOE pa3pyIieHHe TpyOoIpoBo-
JIOB, CHIDKCHHE BSI3KOCTH pabodeil )XUAKOCTH, €€ 3arpsA3HeHHE MPOAyKTaMU H3HOca. B cTaThe paccMOTpeH MEXaHW3M
BO3HMKHOBEHHsI KABUTALIMHU B aKCHAIILHO-TIOPIIHEBBIX HACOCAX, OMpEAeieHbl (HaKTOPhI, BIUSIOIINE HA BO3HUKHOBEHHE
KaBUTAlMM M a’palyu pabouei )KUAKOCTH B aKCHAIbHO-TIOPUIHEBBIX HacocaX. Takke pacCMOTPEHbI OCOOCHHOCTH Tie-
PEXOJHBIX MPOLIECCOB B ruapocucreMe camoiiera. IlokasaHo, 4To Ipy U3MEHEHUU M0Ja4d Hacoca C MUHUMAJIbHOU 10
MaKCHMaJIbHOH BO3MOJKHBI 3HAYWTEJIbHbIE KOJIEOAHWs IABJICHHUs B HAOPHOW MarucCTpall TMAPOCHUCTEMBI CaMoJieTa,
KOTOpBIE OTPUIIATENIFHO BIMSIOT Ha pecypc Hacoca. J[aloTcs peKoMEHIalMy 110 YMEHBIICHHIO TaKUX KoJjeOaHui faBie-
HUSl.
KioueBble cinoBa: rugpaBinyeckas CUCTEMa; KaBUTaluWsl; KoJieOaHHs JaBJICHHS; HAllOPHAsi MarucTpajb; HAacoC pery-
JTUPYEeMOH Mojauu; TIofada Hacoca; pabodast KHIKOCTh; CaMOJIET.

Zaionchkovskyi Hennadii (1943). Doctor of Engineering. Professor.

Head of Department of Hydraulic-Gas Systems, National Aviation University, Kyiv, Ukraine.
President of international association “Industrial Hydraulics and Pneumatics”.

Education: Kyiv Institute of Civil Aviation Engineers, Kyiv, Ukraine (1967).

Research area: aviation hydraulic, hydraulic and pneumatic automation systems.
Publications: 137.

E-mail: evgenia zay@mail.ru

Butko Volodymyr (1937). Ph.D of engineering. Associate professor.

Laureate of High School Education.

Member of society of Automotive Engineering.

Education: Czech Technical University in Prague, CR (1959).

Research area: Dynamics and Control of Hydro- Pneumatic Systems, Hydraulics and Pneumatics.
Publications: 135.

E-mail: butko37@mail.ru

Tarasenko Taras (1978). Ph.D of engineering. Associate professor.
Education: Kyiv International University of Civil aviation (2001).
Publications: 43.

E-mail: naugas18@ukr.net




<<
  /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 1.3
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 1.00000
  /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 1.00000
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /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.)
    /UKR ()
  >>
  /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


