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The update implements multifold revisions to the document. The title was changed to describe better the content of the

document, which discusses the significance and relevance of aircraft hydraulic fluid properti
compilation of typical fluid properties. Scope was extended to include phosphate ester hydraulic

es, rather than being an
fluids used in commercial

aircraft. Referenced test methods and property descriptions were updated, where appropriate. Sections that did not relate

to physical and chemical properties of aircraft hydraulic fluids were deleted
FOREWORD
This document discusseg in qualitative terms the properties of a fluid relevant to use for aerogpace hydraulic systems.
Further, it discusses the |effect of the fluid properties on the design of aerospace (hydraulic systems and components.
AIR1362 and AIR1116 (Noncurrent) also are concerned with fluid properties, but-contain specifig data on current fluids.
TABLE OF CONTENTS

1 ST 010 | o = U - S ISR 3
2 REFERENCES . ... .ot ettt e sttt e e e st e e e snneeaesnneeee s eeeesnntteeesseeeeesseeeeesnneeeeas 3
2.1 PN o] o] [or=T o] | T B o Yot 0 4o =T o €3N PSPPSR 3
211 TN = 0] ] o= i o] o - S ISR 3
21.2 ASTM PUDBICAIONS ......eeiiiiiiiii e i ettt e ettt e e e s sateee e s snteeeessnne [eeeebe e e e et e e s ste e e e sbeeeeeanes 3
21.3 U.S. Government Publications....... L i e siee e [ 4
3 HYDRAULIC FLUID PROPERTIES ..o sseeee e [ 5
3.1 L T= T = o e ISR 5
3.2 RV ToT0 1= A e O PSSP 5
3.21 Maximun) Viscosity-REGUIFEMENT...........oooiiiiiiiiiiiee e e e [ e e e e 5
3.2.2 Minimum([Viscosity-REQUIFEMENT...........oiiiii e e e [ 6
3.2.3 Shear Stability{of,ViSCOSILY ... .ueiiiiiiiiicieiee e e e e e 6
3.2.4 Pressure|EffeCt 0N VISCOSILY ......coii it e e e [ e e e e e e e e 6
3.3 Pour POIME e e 6
3.4 LOW TempPerature SEability ...........ccccuiiiiiie e e e e e e e e e e e e e e e e e e e snrnrereeaeeaean 6
3.5 Y (o] x=To (SIS £= o] 1 YRS 7
3.6 [0 o) o Y2 O PSRTT 7
3.7 1070 ] 0 01010 I3 (o] T [ To oY= RSP 7
3.71 Flash Point, Fire Point and String Propagation Rate..............cooiiiiiiiiiiie e 7
3.7.2 AULOIGNItION TEMPEIATUIE........co et e e e e e e e e e e e e e e e s e eanbaaeeeeeesnnnrsaeeeeaaeaaan 7
3.8 VAPOE PIESSUIE ..t iiiecie ettt e ettt e e e e e et e e e e e e e e et aaeeeaeeeeesasstaaeeeeeeesassstaaeeeeeeeaeassaeeeeeesesannsnseneeaaeansn 7

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is

entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole

responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright © 2011 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,

photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit
Fax: ~ 724-776-0790 http://www.sae.org/technical/standards/AIR81C
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org



http://www.sae.org/technical/standards/AIR81C
https://saenorm.com/api/?name=0cebbcd9dc6313ae4ccac2f32c190f58

SAE AIR81C Page 2 of 11

3.9 POWET TraNSIMISSION ... ..ottt e e e e e e et te et e e e e e e s nbebe e e e e e e e e s nnbaeeeaeeeaannnbeeeaaaeaaan 7
3.91 = T0 1] 1Y T o 11 ][ LSRR 7
3.9.2 L= TS To] 111 o113 SRR 8
3.10 [T 1] USSR 8
3.1 LT o] 01T AT | SO S 8
3.12 a1 a0 F= U O g E= T = ot (=Y 1S (oSSR 8
3.12.1 LI 214 0 E= LS = o1 SRR 8
3.12.2 Thermal Degradation PrOAUCES .........ooo ettt e e e e e e et e e e e e e e e raeeeeeeaeeeaannnes 9
3.12.3 Thermal EXPanSION ... 9
3.12.4 SPECIIC HEAL ... .ot e e e e e et e e e e e e e e e et e e e e e e e e e aaaba s e e e aeeeeesnarereeeas 9
3.12.5 LI 215 0 F= @0 o Vo [N o3 111, Y SRRSO 9
3.13 Yot g Tor=T @7 T Lo [0 T3 1Yy SRS 9
3.14 L 2 =Y = 1Yo £ SRR 9
3.14.1 L Y0 100] Y7 (TR x= o 11 SRR 10
3.14.2 HYQrosCOpicTFreRdeRGY e T T TR R T T TR T T e e oo e+ nnne e e e e e e e e nnneneeeas 10
3.15 Foaming [Tendency and Stability...........cccccoooeeiiiiieenieee e e 10
3.16 A REIEASE. ... ieeee e senreeee e e e e e 10
3.17 L070] 4 o T 1] IS =1 o 11 2SR SR ISR 10
3.18 Oxidation Stability .........ccceeeiiiiie e R T e 10
3.19 Y= T oL ] = 11 (o] o P S, S S IO PPPPPPPPPPPPIRS 10
3.20 B0 1Y/ TR ST UPURIEY ISR OOPURTRN 10
3.21 Nuclear Radiation Resistance ... [ 11
3.22 L0700 0] 0T 1 1]« 1111 4 SRR ISR 11
3.23 Particle Gontamination ............coooiiiiiiiiiiie e B e e nree e | 11
3.24 Chlorine £ontamination ...........ccoooiiieiiiiie @t esiee e | 11
3.25 T8 = To o =10 (o) o RS ISR 11
4 N[ I S SR RO 11



https://saenorm.com/api/?name=0cebbcd9dc6313ae4ccac2f32c190f58

SAE

AIR81C

Page 3 of 11

1. SCOPE

This document discusses the relative merits of the physical and chemical properties of hydraulic fluids in relation to the
aerospace hydraulic system design, and the related materials compatibility. The discussion in this report applies both to
hydrocarbon and phosphate ester based aircraft hydraulic fluids. In some cases, numerical limits are suggested, but, in
general, the significance and effect of a property is noted qualitatively.
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3. HYDRAULIC FLUID PROPERTIES

The properties of the fluid must be considered in the design of a hydraulic system, but it is possible to design a system to
be less sensitive, or more robust, to a particular fluid property. For this reason, the property of the hydraulic fluid must be
weighed for each individual hydraulic system, taking into account the system's basic design, function and environment, as
well as the fluid toxicity and disposal issues. Besides the hydraulic system itself, ground handling and servicing needs of
the system must also be considered.

The only absolute characteristic of a hydraulic fluid is that it be a liquid throughout the range of use. All other fluid
properties must be considered in hydraulic system design.

Hydrocarbon-based aviation hydraulic fluid normally meet one of the applicable US Military specifications (See MIL-PRF-
5606, MIL-PRF-83282, MIL-PRF-87287). Phosphate ester-based hydraulic fluids used in commercial aircraft typically

meet SAE specifications (

See AS1241).

A commonly used test m
must be used comparing
3.1 General

The sequence of fluid prd
can often compensate for

3.2 Viscosity

Viscosity describes the rd
ASTM D 445. It is one of
viscosity is the ratio betw
to flow of a fluid under d
which must be multiplied
Dynamic viscosity is the
pressure-viscosity curves

Viscosity/temperature cu
sometimes referred to a
polymer, such as polyme
with temperature change
temporary and permane
viscosity under shear cor
the viscosity of the base

thickened with a viscosity

ethod is listed below, although other acceptable methods may bg (U
Hata from the different methods for different fluids.

perty listing has no bearing on the relative importancé."Moreover, strg
weakness in another.

sistance created from the relative motion, of fluid molecules when a s
the most important properties defining the fluid's usable temperature rg
ben the applied shear stress and rate,of shear of the fluid. Kinematic
ravity. Generally, kinematic viscosity data is provided for a fluid [cen

by the density of the fluid at.that temperature to yield Dynamic v
parameter required for pressure drop equations in a hydraulic systen
at various temperatures be_furnished.

ves should be provided in the fluid descriptive data. The viscosity tg
5 the viscosity index. A fluid thickened (made more viscous) by a

thylmethacrylate,.generally has a good viscosity index or exhibits sm
5. The disadvantage of viscosity index improved (polymer-thickened)
Nt viscosity)loss under shear strain conditions experienced in hydrg
ditionssisssomewhere between the measured viscosity of the fluid at
bil. This‘behavior, viscosity loss under shear conditions, is called sheal
index improver it is more likely to be shear stable and does not have g

sed in many cases. Care

ngth in one characteristic

near force is applied. See
nge. Dynamic (absolute)
viscosity is the resistance
tistoke (cSt) or mm?*/sec]
scosity [centipoise (cP)].
h. It is also desirable that

mperature relationship is
viscosity index improving
aller changes in viscosity
fluids is they suffer both
ulic systems. The actual
low shear conditions and
instability. If a fluid is not
permanent viscosity loss

in applications. It is theref

3.2.1 Maximum Viscosi

H - PRTO | L T ) | 4
IS TTpUINdiit tu RIrOwW T a TIU1d 15 sticdl stduic Ul TTUL.

ty Requirement

The maximum viscosity allowed for hydraulic equipment sets the minimum usable temperature of a fluid. For a system,
two levels of maximum viscosity are important in establishing the usability of a fluid and the design criteria to be used.
These two maximum viscosities are first, the maximum starting viscosity, and second, the maximum operating viscosity.
The generally accepted maximum starting viscosity level is typically around 2200 cP . This viscosity can be tolerated only
briefly and may cause filters to go into bypass mode. While fluids with higher viscosities can be pumped by using larger
pumps and increased diameter line sizes, the significant weight penalty associated with those design changes are usually
unacceptable for aerospace applications. Therefore, the true maximum viscosity level for a hydraulic system designed by
ignoring the aforementioned weight penalties, could be several times this 2200 cP value.
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The pump, system friction, engine and/or aerodynamic heating rapidly increase the fluid temperature once a system has
been started. This increase in temperature rapidly decreases the viscosity to the maximum operating viscosity level, the
viscosity at which full system operation can be expected. This viscosity level is one of the basic system design criteria and
is on the order of 450 cP. Acceptable low temperature performance is, however, designated in the specification of an
aircraft or by analysis and may correspond to a higher or lower viscosity. The wording may be that a system operates
without detrimental effect at a specific temperature and meets full performance at another specific temperature. A higher
maximum operating viscosity increases the system design problems, whereas a lower operating viscosity decreases them

and results in system weight saving.

3.2.2

Minimum Viscosity Requirement

As with maximum viscosity, two levels of minimum viscosity are important in establishing usability of a fluid and the design
criteria to be used. The first level of 1.5 to 2.0 cP is generally accepted as a tolerable minimum for efficient pump

operation. The second le
With some types of pump
reduced lubricity, with re
servo and similar valves §

3.2.3  Shear Stability of

Viscosity index improved

a. Alignment of the polyn
effective viscosity und
viscosity loss is tempd

b. Breakdown of the pol

level of viscosity decr:
The viscosity may plaf

The ability of a fluid formd
viscosity loss, is consider

[ IWH e ool ral =~ D (o1 AV e - R T HIWEP-V 3¢ 1°%
Ol VIO\JUOILY, do 11U V.J Ul \UI IUDO}, o uare rnrmriurTt VID\JUDILY U uane
s, the efficiency will be reduced at these very low viscosities. Extremél
sulting reduced component life. Low viscosity increases internaljand

nd in actuator packings causing reduced system efficiency and.design

W do

\iscosity
polymer thickened) fluids “lose” viscosity by two mechanisms:

her with the high shear field, which reduces the thickening efficiency of th
er the shear conditions to become lower thandynamic viscosity under
rary. Once the shear field is removed, the fluid returns to its original low §

ymer into lower molecular species, which results in a permanent loss in
pase as a result of shearing will ocCur in service with any polymeric visg
eau at an acceptable level and the fluid perform as desired for many hou

lation to withstand the shearing action of pumping and valve operation
bbly important to the life of a fluid. The maximum allowable shear indug

fluid that can be pumped.
y low viscosity may cause
external leakage in slide,
penalties.

e polymer and causes the
ow shear conditions. This
hear dynamic viscosity

dynamic viscosity. Some
osity index improved fluid.
rs. See ASTM D 2603.

without permanent
ed viscosity loss in

viscosity index improved {luids is very system-dépendent and long term component and system festing is required to

determine that the fluid is
not be suitable in cases o
temporary or permanent

3.2.4 Pressure Effect o

The increase in viscosity

suitable for the application. Therefore, the minimum viscosity guideling]
f viscosity index.improved fluids. Nonviscosity index improved fluids do
iscosity loss as a result of mechanical shearing.

h Viscosity

with, pressure is significant and can be as much as 30% (or even highg

S described in 3.2.2 may
not usually experience

r at low temperatures) for

aerospace hydraulic fluids—atpressuresof 345 bar (5600 psi)—Generatty, fluids—whosevistosity changes more with
temperature are also fluids whose viscosity changes more with pressure. While this viscosity increase results in higher
pressure losses in lines, the most significant effect is on sizing of filters in the high pressure side of hydraulic systems.

3.3 Pour Point

Normally this property is of no importance to the hydraulic system or component designer. It does, however, indicate an
absolute low temperature limit to retain fluidity of the fluid and it is advisable to operate at least 10 °C above a fluid pour
point. See ASTM D 97.

3.4 Low Temperature Stability

This is not generally a design consideration, but describes a fluid's resistance to separation, gelling, solidification,
decomposition and other forms of degradation during storage at extremely low temperature. Unless the effects of low
temperature reverse themselves when the temperature is increased, a fluid is either unusable or will require special

storage and handling. This irreversibility also affects the usability of the fluid in an aerospace vehicle resulting in
undesirable ground handling requirements. See FED-STD-791 Method 3458 and 3459.
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3.5 Storage Stability

This property is of considerable importance in field logistics. A fluid which requires special storage procedures and
storage degradation checks is undesirable.

3.6 Lubricity

Most, if not all, hydraulic fluids consist of a base fluid and performance improving additives, including a lubricity additive.
The presence of an additive, the type of additive and the concentration all significantly affect the results of lubricity tests
and system performances. Care must be taken in comparing test results to use the same test conditions and to compare
formulated fluids to formulated fluids and base stocks to base stocks. The four ball wear test is valuable for preliminary
screening of a fluid. It is quick, low cost, uses small fluid samples and has satisfactory repeatability and reproducibility.
See ASTM D 4172. The piston pump wear test is a much more reliable indication of the hydraulic system usability of a
fluid. It is generally performed at the maximum use bulk oil temperature of the fluid or of the pump. For specification

purposes, it is desirable
used with the fluid. Gog
manufacturers. Lubricity i
effect on packing life. Ho
lubricity for such valves.

o-rar-the—teston-apump-which-isrepresentative-of-the—generat-type
d indication of lubricity in one pump will not mean similar indicati
s not only necessary for the pumps, but also for the slide, servg)and
wever, in general, a fluid which has good lubricity in a piston pump wil

of pumps expected to be
bn in pumps of different
similar valves and for the
also have the necessary

In the development of new fluids, poor pump lubricity does not necessarily indicate an unusable fluid, but may rather

indicate need for further
the fluid formulation to im

3.7 Combustion Indices

3.7.1 Flash Point, Fire

These properties are prir
ASTM D 93, and ASTM O

Certain fluids can be use
safety must be kept in m
design volatility and vapo

3.7.2  Autoignition Tem

This property is important
of special design precauti
autoignition temperature,
659.

bump development or the use of a different type of pump. Adjustment
brove lubricity.

Point and String Propagation Rate

harily related to system safety and) not to hydraulic system design a
5306.

j at temperatures greatly in_eéxcess of their flash and fire points, althou
ind. These propertieslso serve as a good index of volatility and va
[ pressure should be~considered for possible build-up of combustible fu

berature
to establisha top usable temperature limit of the hydraulic system en

ons. If the temperature in the area surrounding hydraulic lines or comp
the lines or components may need to be either rerouted or shielded

5 may also be possible in

5 such. See ASTM D 92,

gh system and personnel
bor pressure. For system
mes.

vironment without the use
pnents is greater than the
for safety. See ASTM E

3.8 Vapor Pressure

Vapor pressure is a necessary design property generally provided in fluid descriptive data as a function of temperature.
High vapor pressure can limit the usable maximum temperature of a fluid, by causing pump cavitation and sponginess in
the entire hydraulic system if vapor pockets are formed. See ASTM D 2879.

3.9 Power Transmission

3.9.1  Bulk Modulus

Bulk modulus is the reciprocal of compressibility and is a function of pressure and temperature. Both secant and tangent
bulk moduli under isothermal and adiabatic conditions should be provided. Equipment functions that occur rapidly require
knowledge of adiabatic bulk moduli, which are of great importance in dynamic considerations of hydraulic system design.
The adiabatic secant bulk modulus enters into the design calculations for hydraulic pumps and motors. The adiabatic
tangent bulk modulus is used in the design of servomechanisms. Isothermal bulk moduli are typically easier to measure
(See ASTM D 6793) and can be used for estimating adiabatic bulk moduli.
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Pressure transients in a hydraulic system, including pressure spikes and actuator response time, are affected by the bulk
modulus of the fluid. Pressure spikes increase with bulk modulus. The response time for a hydraulic system is a function
of the velocity of sound in the hydraulic fluid, and depends on the sonic bulk modulus which is related to adiabatic-
reversible (isentropic) tangent bulk modulus.

Since bulk modulus is basically base stock related, great care must be used selecting desirable high bulk modulus base
stocks. Within a class base stock type, bulk modulus varies proportionally with density, meaning the higher the density,
the higher the bulk moduli. (Because no standard test method exists, data from different sources should not be
considered comparable. However, data from the same source on different fluids should be comparable.) See AIR1362.

It should be noted that that the effective fluid bulk modulus in a typical hydraulic system is much less than that of pure

fluids because of the inev

3.9.2 Gas Solubility

itable presence of minute amounts of free (undissolved) air in the fluid.

The percent of soluble g4
a necessary factor in hyd
and system sponginess (|

3.10 Density

Density of hydraulic fluid
Density is also a key f{
laminar/turbulent flow chg
material, the permissible
any case, the density-tem

3.11 Rubber Swell

This test is run on specia
since the standards are s
By the use of these stan
types of standard elaston
a given fluid is of conside
the free elastomer swell
rubber swell or shrinkage
can be used for fluid deV
The fluid descriptive data
fluid at conditions meanin

3.12 Thermal Character

raulic system design. Release of dissolved gas in a hydraulic system ¢
pow bulk modulus). See ASTM D 2780.

s important for weight calculation in the design of a\system and, there
arameter for inlet line sizing, for fluid acceleration, for pump res
racteristics, etc. If a fluid specification is being prepared to cover fluids
range of density versus temperature can bespécified. Density is gener
perature relationship of a fluid should be stated in the fluid descriptive

ly compounded rubber standards, representative of the type of elaston
becific published formulas, they may not be precisely the formulations

dards, it is possible to compare the relative effects of various hydra
ers. The behavior, e.gwrubber swell, shrinkage or degradation, of a sp
rable value in the design and installation of seals of that elastomer-flui

in a system, but merely as a guide for design precautions. While spe
elopment, final fluid testing should involve commercially available elg
should state'free swell and engineering property change data for the g
pful to. designers. See FED-STD-791 Method 3603 and 3604, ASTM D

sties

s versus pressure and temperature of a fluid should be stated in the ﬂlllid descriptive data and is

AN cause pump cavitation

fore, is desired to be low.
ponse requirements, for
of a known class of base
ally base stock related. In
lata. See ASTM D 4052.

ers to be used. However,
ised in commercial seals.
ilic fluids on the different
ecific rubber compound in
d combination. Moreover,

or shrinkage in a given fluid cannot be taken as the same as with the installed seal confined

cially compounded rubber
stomers of probable use.
ommercial elastomer and
471, and ASTM D 4289.

3.12.1 Thermal Stability

The reported maximum thermal stability of a fluid may be either a bulk oil temperature or a hot spot temperature. The
exact conditions of a hydraulic fluid thermal or thermal- oxidative test must be provided to ensure a fair comparison of
fluids. Conditions to specify include time, temperature, metallurgy present, absence/presence of oxygen, gas flow rate,
etc. Posttest analyses conducted in thermal or thermal-oxidative tests provide insight into fluid degradation and potential
fluid/system problems. These analyses may include viscosity change, acid number change, metal aggressiveness and
notation of the formation of particles. Means of eliminating undesirable breakdown products must be provided when a
fluid is used at the thermal breakdown temperature. See AIR810.


https://saenorm.com/api/?name=0cebbcd9dc6313ae4ccac2f32c190f58


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


