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1. SCOPE:

This document provides a description of a process for development of fly-by-wire actuation
systems. Included are (1) the development of requirements for the servo-actuator hardware
and the electronics hardware and software, (2) actuator and servo-electronics interface
definitions and, (3) the required communications and interactions between the servo-

actuator and the servo-electronics designers.

1.1 Purpose:

g
development of fly-by-wire actuation systems for aerospace vehicles. The'\de
process s divided into discrete phases by significant milestones or events wh
completipn of specific tasks. This document provides critical event chécklists
evidencd of completion for each milestone event. This document is'primarily
military aerospace vehicles. However, the development processican be readi
for the cgmmercial aircraft actuation systems.

2. REFERENECES:
2.1 Applicable Documents:

The follofving publications form a part of this_document to the extent specifieg
latest issle of SAE publications shall apply."The applicable issue of other puk
shall be fhe issue in effect on the date of the purchase order. In the event of ¢
between|the text of this document and.references cited herein, the text of thig
takes prgcedence. Nothing in this.document, however, supersedes applicable
regulatiohs unless a specific exemption has been obtained.

cessful
elopment
ich require
for use as
vritten for
v adapted

herein. The
lications
onflict
document
laws and

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA

15096-P001.

AIR4094 Aircraft Flight Control System Descriptions

AlIR4383 Description of Actuation Systems for Fly-By-Wire Flighi Control
Systems

AIR4922 Primary Flight Control Hydraulic Actuation System Interface
Definition

ARP4386 Terminclogy and Definitions for Aerospace Fluid Power, Actuation

and Control Technologies
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2.2 Definitions:

The primary source for terms and definitions has been from ARP4386.

2.21 Abbreviations:

ATP

CDR

Acceptance Test Procedure

Critical Design Review

CE&D

DDV

DEM

DOD

EHA

EHSV

EMC

EMI

E&MD

ICD

LVDT

PDR

RVDT

Concept Exploration and Definition
Direct Drive Servovalve

VAL Demonstration and Validation
Department of Defense
Electrohydrostatic Actuator
Electrohydraulic Servovalve
Electromagnetic Compatibility
Electromagnetic Interferencée
Engineering and Manufacturing Development
Interface Contrel\Document

Linear Variable Differential Transformer
Preliminary Design Review

Rotary Variable Differential Transformer

SCD

SDR

SRR

TRR

VMS

Specification Control Document
System Designh Review

System Requirements Review
Test Readiness Review

Vehicle Management System
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3. SYSTEM DEVELOPMENT PHASES:

The DOD acquisition procedures for development of an aerospace vehicle divide a program
into three major phases: Concept Exploration and Definition (CE&D), Demonstration and
Validation (DEM VAL), and Engineering and Manufacturing Development (E&MD). The
System Development Plan in Figure 1 shows the phases and milestones from statement of
need to production go ahead. The schedule duration of these phases may vary depending
on specific contract requirements. This document defines an actuation system development
process that includes these major program phases. The primary purpose of the CE&D and
DEM VAL phases is to establish system requirements and is presented for reference only.

<

TRR  FCA/PCA

VV V VY
E&MD

SDR

DEM VAL

SRR

CE&D

UIREMENTS REVIEW
IGN REVIEW

PDR -~ PRELIMINAHY DESIGN REVIEW

CDR - CRITICAL DESIGN REVIEW

STATEMENT OF NEED
PRODUCTION GO AHEAD
MILESTONES

SRR - SYSTEM RE|

SDR - SYSTEM DE

TRR - TEST READ|NESS REVIEW

FCA - FUNCTIONA| CONFIGURATION AUDIT
PCA - PHYSICAL ONFIGURATION AUDIT

FIGURE 1 - System Development
Phases and Milestones
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3.1

3.2

Actuation System Development:

Many recent aerospace vehicles are designed with fly-by-wire systems. A simplified
schematic for a typical fly-by-wire actuation system is shown in Figure 2. This schematic
shows that the actuation system consists of two major subsystems, the servo-electronics
and the servo-actuator. To assure that the performance requirements of the actuation
system will be satisfied, the system requirements for the servo-electronics and the servo-
actuator must be coordinated with the developers of both these subsystems. These
subsystems could be developed by different suppliers or different groups within the same
organization. The overaII actuatlon system development process is shown in Figure 3. The
system rEqUITeTT fariT ' during DEIVI

requirements have been defined, the servo-electronics development and-the servo-

is assempled and combined for integration testing . With the develdgpment of the

design rgvi
integratign phase there must be regular communication ahd interaction betwgen the
design tdams/groups responsible for each of the subsystems. The guidelines|in this
document provide recommended tasks which should be completed at each milestone and
the deliverables that should be exchanged by the\two subsystem design teams.

Development Responsibilities:

The progess described in this document'presumes that the aerospace vehiclg prime
contractqr retains actuation systemengineering responsibility and that the sefvo-actuator
and servp-electronics are developéd via separate contracts with specialized guppliers. The
aerospage vehicle architecture can range from a system with centralized computers that
are part of a Vehicle Management System (VMS) to systems with dedicated actuation
servo-elgctronics such as smart" actuators and "cabinet" modular electronicg. These
subsystems may be connected by an electrical or optical data bus. The actuation system
can be pf
electroni¢
overall s
procuren
process. 3 3
respons|b|I|ty the baS|c process in th|s document remains Valld since englneers with
different skills and backgrounds must work together and formally communicate with each
other to insure that the system is integrally successful.



https://saenorm.com/api/?name=67a31fef0a70bd5c0a1ec67570711887

8 OF 26

ARP5007™A

SAE INTERNATIONAL

!
i
]
!
!
|
i
i

HOLVNLOV-OAHIS

||||||| —

SOINOHLOIATI-0AHIS

!
!
!
|
] ' §3LTA
5 = i ~N aowaa
] ) | e
- o , iy - ..rmm3_<.._._
i1 - 1»1 .
LI
NOILO3I13S JAON [« ~ ._.. - ' - |_|I I
! < i »IsolLsONDVIar |
4ITIOHLNOD | suosnash—i]  L9o"3C I e o 4
I
OAHIS) m dNY
NOISHIANOD T OAB3S CETRIE]
m
!
_
!
|

llllllll -

NOLLYWHOJNI

SANVNIWOOD

FIGURE 2 - Fly-By-Wire Actuation System


https://saenorm.com/api/?name=67a31fef0a70bd5c0a1ec67570711887

9 OF 26

ARP5007™A

SAE INTERNATIONAL

ONILSEL NOLLONA3H

ifan nann e ————

ST o 5:9M 10UINGD
JOHNOS
ONILSHL NOILVHDILNI NILLSTL NOLLYDIJIHIA NDIS3A SINIANDOA

T s — . S — — N — W - I ———— - T AR AP W G T T S S iy~ v w— -y, wto— - v - v w—-" v .

NOLLVAITVYA NDIS3A WILSASENB/WILSAS AOV-AHILN! - QHvO8SSvYHE TOHINOD FOVAHIALNI
e

@ oo g 5 w— 3 o — o 5 - - T _— 3 M o > N & o - — — — — - T~ —— 2 - -

SHINAdNS WILSAS NOLLYNIOY ANV HOLOVHINOD - NOLLVNIQHOOD FOVAHILNI
10¥

uyH BON0

@
(nanacnarad s sV

1oV
I NOIS3A | o) woau|

1831 LNIAWLOTIAZQ o—%"www_ﬁ_ Wn3dd
INOLLYOIHE Y

ONILSTL
_ Noivoldrivno | ANIWCOT3ASM e HHS

1...
1
|

I
NOLLYHDELNI NOILVHORALNI SISAJYNY
WALSAS WE1SAS e e e ANIN4OTIAIa SLAD3Y
JOHLNOD LHOINA NOLLYNLQY NOLLYUNDIANOD| pyms s x
1 !

o ——— —
|
]

— -y

"
.

1
...A.ll.ll.ll.l....l-.ll.ll-ll...-'—ll.-l.ll'
ONILSAL ASYHd aSYHd  : 3SYHd
NOlLvoldIyno [-S3LFIA00 M3 awea dyawaa | avho
NOILYOMEYS | \oisag i
wawdotanzal (ot T
- WIM3Hd | s % MH

SLADIY

FIGURE 3 - Fly-By-Wire Actuation System Development


https://saenorm.com/api/?name=67a31fef0a70bd5c0a1ec67570711887

SAE INTERNATIONAL ARP5007™A

10 OF 26

4.

4.1

SYSTEM REQUIREMENTS ANALYSIS:

A system requirements review (SRR) is hormally conducted during the CE&D phase of an
aerospace vehicle's development process. The objectives of the CE&D phase are to: (a)

define the most promising system concepts, (b) develop supporting analysis an

d data to

identify high-risk areas and risk-reduction approaches, and (c) finalize system design
requirements. The expected results of this phase of a program are top level design concepts
for each of the vehicle’s major subsystems, such as flight controls. These top level concepts
are the baseline for trade studies which will be conducted in the DEM VAL phase of the

vehicle's development acquisition process.

System Configuration Development;

A system design review is normally conducted as the final phase of the DEM
of the aefospace vehicle's development process. The objectives ofthe DEM
are to: (&) define the critical characteristics and expected capabilities of the s
concept,|(b) demonstrate that the required technologies can/beincorporated
design, dnd (c) establish a baseline definition for the mostpromising design 3
The expected results of flight control system design studies are:

System $afety Assessment

Vehicle Electronics Architecture

- Redundancy and back-up/degraded modes
- Distributed or centralized system

- Digital, gnalog, etc.

Prelimin
- Servo-
- Failure
- Failure
- Built-in

ry Interface Requirements
lectronics loop architecture
etection and isolation
ransients

est

Primary Power Sgurce Characteristics
- Hydraulic
- Electricpl

AL phase
/AL phase
stem

nto the
pproach.

- Pneumatic

Actuation System Types (Flight Critical Energy Transmission)
- Linear and rotary hydraulic

- Hydromechanical

- Electromechanical Actuators (EMA)

- Electrohydrostatic Actuators (EHA)
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4.1 (Continued):
Servovalve

Servo Loop Stability
- Gain and phase margins
- Servoelastic filtering

Primary and Secondary Actuation System's Redundancy
- Electronics

- Hydraufic
- Electrichl
- Mechanical

Vehicle Ihstallation
- Geometry

- Rigging
- Stiffness (vehicle structure and actuator)

Prelimingry Sizing of Actuation System Components
- Stroke
- Loads
- Surfacq deflection rates
- Envelope
- Weight

5. ELECTRONICS AND ACTUATOR REQUIREMENTS:

The definitjon of the requirements is the first process of the E&MD phase of a program
developmgnt. The primary objective of the E&MD phase is to define and translgte the most
promising design into a stable, producible and cost effective design. The primary product of
the requiregments development process is the specification control document or|procurement
specificatign used to-define the requirements of a subsystem in sufficient detail|that
definitive cpntracts:can be issued to suppliers. There are three significant docupnents that
should be ¢reated during this phase to define the requirements for an actuation| system such
as the system.shown in Figure 2. These documents are: (a) the servo-electronitcs

Specificati iffeatiom vo-actuator
SCD or procurement specification, and (c) the Interface Control Document (ICD) that
defines and documents the intetrface functions and characteristics between the servo-
actuator and the servo-electronics. The combination of these three documents, or equivalent
documents defined by the contracting agency which present the same information, should
define the overall actuation system requirements. The SCDs include
cettification/qualification test requirements and define any specific design assurance and
integration testing needed. The following checklists help in assuring key items are covered
in these documents.
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5.1

Actuation System Performance Requirements Checklist:

Redundancy
- Electrical

- Electronic
- Hydraulic

- Mechanical
- Other

Frequency Response Characteristics (Bandpass/Loop Gain)

Stability (Loop Gain and Phase Margins)
Threshold
Hysteresjis
Accuracy
- Null bias/shift
- Linearity
- Temperature coefficient

Maximum Allowable Uncommanded Motion
Control Jurface Slew Rate

Control Surface Hinge Moment Chatacteristics
Force Fight (Redundant Systems)

Failure Qetection

Degradef/Fail Safe,Modes

Failure Transients

Ballistic Survivability
Service Life (Operating Hours/Duty Cycle)
Reliability Allocations

Stiffness
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5.1

5.2

(Continued):

Built-In-Test

Test Points

Servo-Actuator Performance Requirements Checklist:

Electrical

Hydrauli¢
- Fluid type and operating pressures

- Proof ahd burst pressure and pressure impulse
- Supply gnd return pressure variations

Load Strpke (Output Force/Travel)

Load Regponse Time

Load Acg¢eleration

Peak Potyver

Main ranm velocity, including system line losses or differential pressure across

at maximum rate

Heat Rejection and Thermal Environment
Vibration| Environment

Fatigue Design Requirements
Stiffness|Requiremenits (Flutter)

Servo Characteristics (Interface Critical Item)

- Travel
- Slew raEe

- Output force and chip shear force

- Dynamic performance

- Electrical characteristics

- Maximum quiescent hydraulic leakage
- Null bias and null shift

- Linearity

- Threshold

- Hysteresis

the actuator
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5.2

(Continued):

Main Control VValve Characteristics

- Active travel and overtravel

- Flow characteristics

- Pressure gain

- Quiescent pressure and unbalance

- Maximum quiescent leakage

- Operating force and chip shear capability

Main Cofftrol Valve Position Sensor (Interface Critical)
Main Ram Position Sensor (Interface Critical)

Pressurg Sensors, if required (Interface Critical)

Shutoff falve Electrical Characteristics (Interface Critical)
Reversion to Fail-Safe Transient (Interface Critical)

- Shutoff|valve dynamics

- Mode splect valve

Ballistic Burvivability

Hydrauli¢ Schematic

Electrica| Schematic

Vehicle lhstallation and Physical Characteristics

- Weight

- Mounting provisions and/envelope
- Operatihg geometry

Structurgl Design
- Service| life.and life cycling
- Impulsg ¢y¢ling

- Bottoming yTling

- Dynamic stiffness (interface critical)
- Component cycling

- Shock

- Acceleration loads

- Limit/ultimate loads

Leakage Requirements
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5.2

5.3

(Continued):

Failure Detection Requirements
Reliability Requirements
Maintainability Requirements

Materials, Parts, and Processes

Duty Cydle
Power Cpnsumption/Allocation
Servo-Electronics Requirements Checklist:
System Management

Computdr Architecture

Redundgncy Management

Failure Mode Effects and Monitoring

Fault Defection

Fault Cofrection

Fault Mopitor Status

Built-In-Tiest

Maintengnce Diagnostics

Servoloop Characteristics
- Algoritims/control laws

- lteration rates
- Resolution

Channel Tracking/Balancing
Initialization/Start Up

Hardware Requirements


https://saenorm.com/api/?name=67a31fef0a70bd5c0a1ec67570711887

SAE INTERNATIONAL ARP5007™A

16 OF 26

5.3

(Continued):

Servoamplifier (Servovalve Driver)
- Bandwidth

- Range

- Resolution

Position Sensor
- Excitation (electrical, optical)
- Signal conditioning

Solenoid"Shutoff Valve Driver
Digital Pfocessor

- Softwa:le development plan
- Softwalle requirements

- Memon
- Speed (throughput)

- Instructjon set

Input/Output (Sighal and Power Polarity)
Electric FPower

Bus Intefface

Signal Interface

Electrica| Wiring

Signal Conditioning and ' Compensation

Thermal Conditioning

Operatiohal Environment (i.e., temperature, vibration, shock, EMI/EMC, etc.)

Growth Capability
Electronic Parts Selection
Interchangeability and Repairability

Materials, Parts and Processes

Lightning, Bonding, Static Electricity, and Personnel Shock
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5.4

5.4.1

Interface

Agreement Requirements:

Fly-By-Wire actuation systems require detailed Interface Control Documents (ICD) to

ensure that the actuator and the servo-electronics can perform as a complete system. The

ICD preparation requires the participation of at least three parties: (a) the system
integrator (customer), (b) the servoelectronics supplier, and (c) the servo-actuator
supplier. The responsibility for preparation of various sections of the ICD and a brief
description of the contents of each section is shown in Table 1. An ICD contains
information required to properly define the external interfaces and the interface between
the servo-electronics and the servo-actuator. It typically includes but is not limited to the

following

Electrica| Interfaces

- Loop clpsure gains, filtering, and limits
- Servo (DDV, EHSV, etc)

- Shutoff|valves

- Position sensors (LVDTs)

- Pressure transducers, etc.

- Electric
- Buses,
- Power-

Hydraulid
- Hydrau
- Mode s
- Shutoff
- Pressu
- Conneg

Mechani

- Actuatdr electrical and ‘mechanical strokes

- Rigging

Interfag
to spes¢
develo

Al power sources
wiring, connectors
Ip initialization

t Interfaces

ic system routing
lect valve control
valve control

e transducer ranges
tors

cal Interfaces
requirements

e Contrel-Document Format: The generic ICD sections listed below

pment teams start generating an ICD.

can be used

d development, provide clarity, and reduce confusion when the product

Top Level Functional Operation Description

Fault Monitoring Description/Built-In-Test

System Block Diagram

- Syste

m software functions

- Electrical hardware

- Actua

tor functions

- Subsystem boundary lines
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TABLE 1 - ICD Contents Responsibilities

Paragraph

Description

Responsibility

Top Level Functional Description

System Block Diagram

Loop Closure Block Diagram

Provide a top level description of the
actuator's components and how they
are controlled by the electronics.

Shows complete block diagram of all
actuator functions and boundaries.

Software Contrpl, Builf-in-Test, and
Fault Monitoring

Software Funclions

Electronics Hafdware Functions

Actuator Component Detailed
Definitions

Drive Circuit anjd Sensor Interface
Definition

Tolerance Analysis Block Diagram

Wiring Interface Diagrams

filters, and limits.

Provides description of how BIT and
Fault Monitoring logic operates and
electrical interfaces required for proper
operation.

Provides description of software
functions such as failure description
logic, failure disconnect logic, rate
limiting, and actuator rigging.

Provides description of hardware
functions such as electronicsgains,
current feedback, currentdriver
maximum power outputLVDT
excitation, commandssignal
characteristics, etc.

Detailed requirements for servovalve
motor coils{ LVDTs, solenoids, switches,
efc.

Detailed requirements for servovalves
and solenoid driver circuits, sensor/
LVDT impedance loading interface.

Detailed description of component
tolerances such as servovalves, control
valves, sensors/LVDTs gain amplifiers,
filter circuits, limiters, etc.

Provides detailed wiring diagram
including shielding, wire length and

System integrator with input from
actuator and electronics suppliers.

System integrator with input from
actuator and electronics suppliers.

Electronics supplier with input from
suppher-end system integrator.

Electronics supplierfwith guidance from
the systemr-integrater and input from
actuator(supplier.

Software developer|(system integrator
or electronics suppller).

Electronics supplier

Actuator supplier.

Actuator supplier and electronics
supplier.

Electronics supplierfand actuator
supplier.

System integrator with inputs from
actuator supplier and electronics

Definition of Terms

type, wire impedance, and pinouts.

Detailed description of terminology used
between companies. For example,
scale factor, range, polarity, and output
stroke.

SUpPNEr.

System integrator with inputs from
actuator supplier and electronics
supplier.
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5.4.

6.

6.1

1 (Continued):

Loop Closure Block Diagram and Parameter Description

Component Detailed Parameter Definitions

- Servo (DDV, EHSV) motor coils

- Shutoff valves

- Position sensors

- Switches

- Etc.

Drive Gircuit/Sensor Interface Definition

Tolerance Analysis Block Diagram

Wiring Interface Diagrams

Definitibn of Terms
PRELIMINARY DESIGN:
A Preliminary Design Review (PDR) is normally conducted at the conclusion of|the
preliminary design tasks. The purpose of this review is to: (1) evaluate the techpical
adequacy of the selected design approach, (2) determine its compatibility with performance

and enging
manufactu

interfaces among the components within a subsystem and with other subsystern

provide ap

criteria reqpired by the contracting agency.

Checklis

Prelimina
Trade-st
Function

fing methods/processes, (4)éstablish compatibility of the physical ar

proval to continue the final design process, and (5) specific entrance

of ltems to be Reviewed at PDR:

ry desigmsynthesis
idies and design studies results
Al flow, requirements allocation

Layout d

rawings

Environ

entatandthermadesign

Preliminary parts list
Preliminary weight analysis
Risk mitigation items, i.e.; Mock-ups, breadboard, brassboard, or prototype hardware
Preliminary specifications for procured components or subsystems
Preliminary EMI| compatibility

Preliminary reliability/maintainability analysis

Preliminary stress analysis

Development test schedule

ering specialty requirements, (3) assess technical risk associated with the

d functional

hs, and
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6.1

6.2

6.2.1

6.2.2

6.2.3

(Continued):

ICD

Failure modes and effects
Data items required by contract

Checklist of PDR Integration Issues:

The actuation system development flow chart in Figure 3 shows that after the specification
control documents are completed the suppliers of the servo-electronics and the servo-

actuator
desired s
suppliers
cooperat

Servo-
update
results
brassb
ICD. Al
Servo-¢

Servo-
the two
6.21a
specifig
as seny
develo

Interfag
phases
the inte
using b
for this

bperate somewnhat independently developing their designs. 10 ensu
ysterm performance will be met when the subsystems are operating

should exchange data for key design issues and demonstrate~coorg
on at their PDRs.

Actuator Data to Servo-Electronics Supplier: The servo=actuator sup

of design studies, computer model simulation, test data from breadhb,
bard, and/or prototype equipment relating to intetface requirements ¢
50, highlight any deviations in component parameters and tolerance
lectronics supplier to evaluate these characteristics in the detail des

Flectronics Data to Servo-Actuator Supplier: This is essentially the o
way discussion and review of the\actuation system design status dg
nd includes reviewing the electronics design for reserve capability to
deviations in parameters defined in specifications for actuator comp
0 and position sensors. This'two way coordination is a critical part of
bment process.

e Compatibility Tésting Plans: During the preliminary and detailed d
, risk reduction ‘and design verification testing should be accomplishs
rfaces and determine predicted system performance of the preliming

testing should be reviewed with the suppliers at PDR.

e that the
ogether, the
ination and

blier should

the information in the interface agreement/ICD. The réview should include the

pard,
efined in the
5 to allow the

gn.

her side of
tailed in
cope with
onents such
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rassboard.or prototype servo-electronics and servo-actuator hardwafre. The plans


https://saenorm.com/api/?name=67a31fef0a70bd5c0a1ec67570711887


<<
  /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 /UseDeviceIndependentColorForImages
  /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




