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2.

2.1

2.1

A

SCOPE:

This SAE Aerospace Information Report (AIR) has been prepared to provide information regarding

options for optical control of fluid power actuation devices. Itis notintended to esta

blish standards for

optical fluid power control, but rather is intended to provide a baseline or foundation from which
standards can be developed. It presents and discusses approaches for command and communication

with the actuation device via electro-optic means.

The development of standards will require industry wide participation and cooperati
interface commoatity, Tetiabitity; i fce. iti

document provides potential users of the technology a balanced consensus onits
development, thg prospects for demonstration of production readiness, and a.discu
areas within this fechnology. The intent is to inform the user/designer of the-options
interfacing photohics (optics) to hydraulic power control actuators used in aerospac
Specifically, powér and signal interfaces such as control, status and BIT-(built in te

on to ensure
articipation, this

resent state of
sion of problem

available for
applications.

) are considered.

Mechanical interflaces such as optical connectors and fibers are also)discussed. Other issues covered

include the benefits of optics, reliability of components, and system architectures.
The document difaws on the expertise of numerous investigators who develop dem
hardware, are familiar with photonics and specialize in hydraulic actuation, or are ¢
aerospace fluid gontrol systems. Contributions and suggestions have been supplie
attendees of the A-6D Committee.

REFERENCES:
Applicable Documents:

The following p
issue of SAE p
effect on the d4
and references
however, supel
obtained.

ublications form.a_part of this document to the extent specified her
Iblications shall'apply. The applicable issue of other publications s
te of the purchase order. In the event of conflict between the text
cited herein, the text of this document takes precedence. Nothing
sedes applicable laws and regulations unless a specific exemptior

bnstration
bgnizant of
i by members and

ein. The latest
hall be the issue in
of this document
in this document,
has been

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

PA 15096-0001.

ARP490 Aerospace Recommended Practice on Servovalves

ARP1281A  Servoactuators: Aircraft Flight Controls, Power Operated, Hydraulic, General
Specification for

AS1773 Fiberoptics Mechanization of a Digital Time Division Command/Response Multiplex
Data Bus

ARP4386 Terminology and Definitions for Aerospace Fluid Power, Actuation and Control
Technologies

ARD50020  Fiber Optic Interconnection Systems for Aerospace Applications

ARD50024  Fiber Optic Coupled Sensors for Aerospace Applications
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2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk,
Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

MIL-F-9490

MIL-STD-461

Flight Control Systems, General Specification for Design Installation and Test of

Piloted Aircraft

Requirements for Control of Electromagnetic Interference Emmissions and

Susceptability

MIL-STD-1771

FDA Regulat

DO-160

2.1.3 ANSI Publications: Available from ANSI, 11 West 42nd Street, New York, NY 1
ANSI Standafd Z136.2

2.1.4 ARINC Publi¢ations: Available from Aeronautical'Radio Inc., 2551 Riva Road,

21401.

ARINC429
ARINC629

2.2 Definitions:

APPLICATION
for a specific aj

BUILT-IN-TEST
cases itis anin

Response Multiplexing Data Bus

on 21 CFR Subchapter "J"

SPECIFICANTEGRATED CIRCUIT (ASIC): An integrated circuit ¢
pplication; rather than for general use.

[ (BHY):” A testing routine capable of diagnosing a suspected syste
trusive operation that places the system outside its normal, fully o

3  Fiber Optics Mechanization of an Aircraft Internal Time Divisibn Command/

Environmental Conditions and Test Procedutres for Airframe Equipment

D036-8002.

A\nnapolis, MD

lesigned and built

m fault. In some
perational state.

There are also monitor BIT functions which are non-intrusive and are used to monitor and fault
isolate system operation.

CABLE, FIBER-OPTIC: That portion of an interconnection scheme carrying photonic signals
between two sub-systems, that consists of the signal carrying medium plus one or more mechanical
protective members such as a sheath plus strength member and scuff jacket. A fiber or multiple
fibers in a structure fabricated to meet optical, mechanical and environmental specifications.

CONTROL POWER-BY-LIGHT: Involves the conversion of optical power into electrical power for
use as the primary power source for otherwise electrically isolated circuits This power is used to
activate the control elements of an actuator.
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2.2 (Continued):

DETECTOR: A transduction device that transforms photonic energy into electrical form (typically a

photodiode).

EMITTER: A transduction device that creates and launches optical radiation; an optical source;

typically a light

emitting diode (LED) or laser.

FLY-BY-LIGHT: The broad term used to generally describe the use of optics to communicate with the

control elemen

FLY-BY-WIRE:
electrical mean

NUMERIC APH
fiber.

SMART ACTU
capability to ref
4.3.2. A smart
remote location
1 shows a cong

TRANSDUCER
the measurand

such mechanism, internal or external to-the fiber, that causes a change to the che

parameters of |
polarization) in
velocity, etc.).

Additional defin
light may be fo

s of a ftightcontrot systenT.

A flight control system wherein vehicle control input is transmitted
S.

FRTURE: The sine of the half-angle of light acceptance and emitt3

ATOR: A servoactuator that carries on board. all its necessary loog
ort status. Many different command signalformats are possible an
actuator differs from a conventional actuator where information is
for summing with a command and the*actuator receives only the €
eptual approach for smart actuation:

, FIBER-OPTIC: That portion-of a fiber-optic based sensing syste
based on some defined-physical law; also known as the “sensing

ght injected into or<propagated by an optical fiber (phase, intensity

accord with the, measurand (pressure, temperature, acceleration,
tis part of a sensor mechanism; not a stand-alone device.

ind in ARP4386.

completely by

nce of an optical

closures and the

d are discussed in
fed back to a

rror signal. Figure

m that responds to
element”. Any
racteristic

, wavelength,
Hisplacement,

itions for"actuation and control technology that relate to the general subject of fly-by-
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FIGURE 1 - Smart Actuator
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3. BACKGROUND:

3.1

3.2

Fly-by-Wire:

Electromagnetic interference (EMI), electromagnetic pulse (EMP), lightning, high intensity radio
frequency (HIRF), and other threats such as directed energy weapons are increasingly being
recognized as potentially jeopardizing to the flight safety of vehicles with fly-by-wire systems.
Aggravating the situation is the increasing use of non-metallic composite materials in airframes thus

eliminating the : -by-

from these threats through the use of component and wire bundle shielding. Con
transmission and electrical power distribution wires can be protected by a commo
Faraday cage. | These protective solutions lead to weight, system flexibility~and m
penalties. Alsd, the cost of maintaining the integrity of the shielding adds ‘significa

5 can be protected
ponents and data
n shield forming a
aintenance

ntly to the life cycle

cost of the aircfaft. These penalties are sensitive to an estimated threat level, whjch future service

may show to b¢ greater than currently expected. A problem with. fly-by-wire systg

ms, is that if the

actual electrommagnetic threat environment is worse than that-assumed in the orig|nal design, the

systems may require subsequent costly in-service modifications.

Fly-by-Light Benefit:

The introductioh of photonic technology could be ‘a Cost-effective way to provide |

rotection against

EMI, EMP, lightning, HIRF, and other electromagnetic threats. The known fly-by-ljght benefit is the

inherent high Igvel immunity of photonic information transmission to electromagng
high bandwidth|and multiplexing capability.of optics. Optic components that are sq
EMI are readily] protected inside the actuation device, which provides shielding wif
weight, as long|las good EMI design'criteria are rigorously followed. Potential ben
one considers that in the future,-EMI threat levels and optical bandwidth capabilitie
increase. The use of optical components will substantially reduce the burden ass
electromagnetig threat immunity certification, and allow future growth in system p

The use of photonic devices in designing system architectures also offers possibi
available with glectronics. The increased bandwidth offered by optics provides be

btic threat, and the
nsitive to free field
h little or no added
efits exist when

s are both likely to
ociated with
erformance.

ities that are not
nefit needed for

advanced vehi

leZ’management system architectures which may use an estimated 5 to 20 Mbps.

The greater information transmission capability permits the condition of the actuation device to be
known more precisely by sensing additional parameters on a continuous basis. Architectures may

be devised to take advantage of the added bandwidth and reduce the uncertainty

of an actuator's

condition by using additional monitors, possibly eliminating a redundant actuator or increasing

dispatch reliability. Data transmission on optical fibers provides inherent isolation
There is no concern of an electrical short causing a fire. Furthermore, there is no

of channels.
concern of an

electrical short bringing down all channels, which is important when considering failure modes and
designing redundancy. The added flexibility in system architecture design introduces the possibility
of increased reliability without increased weight. In fact, studies have shown fly-by-light systems will
weigh less, for the same system performance and reliability, provided reliable optical components

can be developed.
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3.2 (Continued):

3.3

While there is no concern about short circuits causing multiple channel failures, there has been
considerable concern about externally caused physical damage. With the tendency being to take
advantage of the small fiber size and combine many signal paths into one cable, a single cable cut
can destroy many paths simultaneously. This must be considered at the system architecture level.

Photonic Technology Considerations:

There will be ¢
space applicati

certify new components. It will not be cost effective to develop unique devices fol

application and
components frd
requirements o
commercial, m
in the differenc
interfaces.

4. OPTIC ACTUATI

41

411

Optical Actuati

The flight contr
contain a large
these actuators
networks. This
requiring electr|

While the actua
electronics whe
fault trees and
Photonic interfa
high temperatu
below.

nsiderabie simitarity i the photonic technotogy used for commer
pns. This is in part due to the considerable time and cost required

it will be necessary to establish common standards to ensure con
m different sources. Therefore, devices for a given function must
f a wide range of applications. The functions and operational requ
litary, and space systems will of course, differ cansiderably, and th
bs in the system architectures, but not necessarily in the compone

[ON INTERFACES:

bn Concepts:

bl, engine control, and otherflight-critical control systems of aeros
number of hydraulically er.electrically powered actuators. In a fly-
must be interfaced with*the fiber optic data buses or other photon
must be done in away that maintains immunity to electromagneti

bmagnetic shielding of signal paths and long electrical power distri

tor environment is relatively severe, resulting in an increased failu
n compared with conventional locations, the system reliability mus

ces-which allow minimum or no electronics are generally preferre

ial, military, and
to develop and
each specialized
patibility of
satisfy the
irements of

s will be reflected
nts and their

bace vehicles
py-light system
ic-based signaling
C threats without
bution networks.

re rate of
t be assessed with

bther tools to determine the optimum circuit complexity of on-board electronics.

i, but advances in

re’electronics may alter the optimum architecture. Several concep

ts are described

Fully Optically Controlled Actuator (Fly-by-Light/Control Power-by-Light): A fully optically
controlled hydraulic actuator has no electrical connections. All signaling information, data
transmission and control power, to and from the actuator is provided by optical fiber. Control power
refers to the power required to operate control devices such as the servovalve and solenoid valve.
It is not the power to move the load. The "optic actuator" has substantial immunity to EMI, EMP,
lightning and HIRF, since the electrical wiring network to the actuator is eliminated, and good EMI
design will be used within the actuator to shield sensitive photodetector circuitry. The components
on the actuator such as control valves, solenoids and transducers (position, pressure, velocity,
etc.) all have optical interfaces. A fully optical actuator may or may not be a "smart actuator”,
depending on the system architecture. Figure 2 depicts a fully optically controlled actuator, and

Figure 1A de

picts an approach to a fully optically controlled smart actuator.

-8-



https://saenorm.com/api/?name=68d9d1b37f7f06e5c3d162f9c9414b2c

SAE AIR4982

d30NdSNvdLl v

DI .Ld0

NOTLVWHOINT SNLVLS

ANV NOILISOd LHIIN

IATIVAOAYIS
OINNVYCGAH-0Ld0 |

aION3NaSs val

m AN AV WAY

AR LN

/ ,

7777777

PPYIIIIYI

m TSSSS

.

TSSSS

g4

r#I | —

NANL3Y J11NYYHAAH

i}

L]

1d0

AX1ddnNs J1'1NYYAAH

VNIILS T1084AN0D
ANV Y3IMOd THDI71

!

Y

d3g14

21907

NV

JEMSO10
do0on

[~

dIMOd pue

ANVWW0OO

13713

FIGURE 2 - Typical Full Optical Control
Fly-by-Light/Control Power-by-Light
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4.1.2 Optoelectrical Controlled Actuator (Fly-by-Light/Control Power-by-Wire): An optoelectrically
controlled actuator has modulated optical control signal interfaces with electronic circuits which
demodulate the optic signals and control the actuator. The electronics may utilize ship's power or a
source of locally available power such as a hydraulic powered alternator. A typical approach would
be to provide the control signal by fiber optics to the actuator but provide control power via an
electrical connection. This has the benefit of transmitting the low power signal that is most
susceptible to EMI, EMP, and HIRF via light, yet uses ships electrical supply to directly power the
control devices on board the actuator. This approach reduces the need for reliable high-powered
lasers, which would otherwise be needed to provide this level of power optically. This approach is

4.2 Optic Actuatior] Components:

Fly-by-wire systems use transfer devices and sensors which aré&.electrical compor
system will negd components to perform similar functions, @xcept the electrical m
replaced by light. The conventional components that willicneed an optic counterps
servovalve, solenoid operated valve, and transducers.

4.2.1

4211

4.2.1.2

depicted in Fi

power, it can pe extended to using electrical power to drive the load as well-TH

Figure 1B. It
EMI generati

Opto-Hydrau
that provides
electrical inpy
the same pur
some type of
and they are

discussed in

Direct Light

should be noted that for actuators where there is electrical drive p
n adds to shielding requirements.

nection for control
is is shown in
bwer, the internal

ents. A fly-by-light
edium will be
rt are the

ic Servovalve: The electrohydraulic servovalve is the device in a fly-by-wire system

the transfer function between gelectrical command and hydraulic cq
t and provides proportional fiydraulic output. An opto-hydraulic sg
pose as an electrohydraulic servovalve by providing hydraulic outy
optical input. Several different schemes have been considered to
discussed in 4.2.1.4.through 4.2.1.3. Schemes to format the optic
1.3.2.

Conversion: This scheme utilizes the principle of converting light

position ch

an acoustig or thermal process which involves large ensembles of atoms in cg
Conceivably, the-motion generated by the quantum conversion could be mech

control val

nge at theyquantum level by use of silicon microactuators. This is

(or other device). There have been several demonstrations of d

bntrol. It accepts
rvovalve serves
ut in response to
accomplish this
Bl input are

directly to a
distinguished from
llective motion.
anized to drive a
rect light operated

valves, ranging from micro machined silicon devices to flapper-nozzle two stage hydraulic valves
with internal spring feedback. These devices are not yet commercially practical for aerospace

fluid power

applications, but they are very close to achieving that practicality.

Optoacoustic Conversion: This principle involves the conversion of light to a fluid pressure by
thermal means and uses the change in pressure to operate the control valve (or other device).
This approach offers limited bandwidth and requires comparatively high optical operating power.

-10 -
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FIGURE 3 - Typical Optoelectrical Controlled Actuator

Fly-by-Light/Control Power-by-Wire
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4.2.1.3 Optoelectric Conversion: This approach converts light energy to electrical energy within the
control valve. An optical detector is added to a conventional electrical input control valve, and
the optoelectric conversion (by the optical detector) takes place within the shielded region that
already exists as part of the servovalve. The technology for this scheme is readily available
since it is simply the integration of existing devices of known reliability. This type of opto-
electrohydraulic servovalve can be configured to operate in either a fully optical actuator (4.1.1)
or an optoelectric actuator (4.1.2).

422

423

424

Optical Direc

power. ltis 4
consumption

Optical "Solehoid" Operated Valve: An optical solenoid operated valve provides
hydraulic condition depending on the presence of an optical'signal. The use of
lic solenoid is practicably limited to optoelectric actuators (fly-by-I
o the high power consumption of conventional solenoids. When th
on a fully optical actuator, a low power on/off torque motor type v

electro-hyd rar

by-wire) due
accomplishec
used.

Drive Vatver—Adirectdrive vatve (DD V) performs the same functi
without the benefit of hydraulic amplification within the valve and as such, requi
useful device where hydraulic power is at a premium, but dug’to i
should only be considered for fly-by-light/control power-by:wire (4
electrical power is available and only the control signal is provided by light. Par
provides further discussion on generating sufficient optical power to-drive a DDY.

n as a servovalve,
'es more electrical
s electrical power
.1.2) where
agraph 4.3.1

an on/off

a conventional
ght/control power-
s function must be
blve should be

Optical Trangducers: ARD50024 provides-an in depth discussion of the different types of optical

transducers &

nd their relative merits. - The system designer can select the trans

Hucer based on

system requifements such as performance and reliability from a number of diffefent approaches

which are dispussed in ARD50024.~ Most actuation devices can be designed to
of the available optical transducers, so mechanical interface is generally not an
reliability however, is an issue;’due to the effect contamination has on most opti

The designer

performance fand the extent to which their design will exclude contamination fro

element.

accommodate any
ssue. Mechanical
cal transducers.

should understand the consequences of contamination on the trapsducer

m the transducing

-12-
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4.3 Optic Actuation Operation:

4.3.1

Power: For an optoelectrical hydraulic actuator, optical power is not a significant issue since the

actuator is provided a source of electrical power and light is used only to provide control signals.

For a fully optical hydraulic actuator, the power for the electro-mechanical control devices must be
sent down a fiber as light, and then converted to electricity within a Faraday shield which is readily
provided at the actuator. There are many inefficiencies in transmitting power by light as opposed to
transmitting it electrically. Optical connectors introduce losses, whereas electrical connector loss is

normally insi

and then necpssitates that the optical power be converted back to electricityto

actuation de
inefficiencies
optics to the
optical power
of optical pov
requires engi
the reasons ¢
the actuator.

ice. Each component that makes the conversion also contributes

One potential alternative to eliminating the electrical conyersion i
nydraulics via hydro-fluidic devices and amplifiers. Approaches to
below source maximum rated optical power will also be helpful, a
er sources (e.g., lasers) increases dramatically. €learly, an optica
heering trades considering light budgets, cable constraints, distribt
iven here, a major design goal should be ta.minimize the optical pj
This dictates that the electrical power consumed by all the compo

actuator be minimized, and hence direct drive valves.are not suited for fully opti

and signal by

4.3.1.1 Optical Pov

4.3.1.1.1 Lasers: [
quantities
aerospac

light) actuation devices.
er Emitters:
Due to the widespread use-of lasers in many different industries, th

of literature available.. MIL-STD-1773 provides specific informatia
b applications. Laserdiode optical sources, developed for the tele

industry,

ave extremely good power densities and narrow spectral widths.

available commercial laser’diodes are too thermally unstable and show rela
in the aerpspace thermal environment. The following discussion provides in
lasers fit in a fly-by-light system.

The issugs of-power, temperature and reliability are all related. No one doul
generate gnough power for fly-by-light systems, but instead, the question is

pnverted to optical
bperate the

to the

s to interface the
reduce required

5 reliability and life
system design
ition etc., but for
ower required by
hents within the
cal (control power

ere are vast

n relating to
communication
However, readily
ively low reliability
ormation on how

ts that a laser can

whether the

required power levels can be reliably maintained over the life of the system. It is known that
lower operating temperatures and lower power delivery increase laser life. This is why low-
power control elements for actuation devices are important components in fly-by-light systems.
The importance of low-power has already been discussed, but beyond that, the system
designer should incorporate other features that enhance laser reliability.
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43111

(Continued):

One approach is to incorporate in the architecture multiple lasers to reduce the power delivered
by each one. This can be integrated with a redundancy management scheme. It should be
noted that lasers typically degrade in performance that is a subtle warning of impending failure
as opposed to sudden and unexpected failures. This degradation generally shows itself as an
increase in laser current for a constant optical power output. Therefore, many use a scheme
that monitors laser current (to maintain constant optical power) to signal a maintenance action.

This could be incorporated so lasers can be replaced near the end of their life.

Laser life
power leV
the servo
draws is

velocity a
consideri

Designing

temperatdres as well as low vibration extend laser life. This can be feasibly

architectu
control ca
a dedicat

dischargd.

Laser saf
under cor
they don'
products
standards
Standard
Electroteq
specificat
emitter sh

can be extended by designing the system so that the laser is "off"
els most of the time. A conventional servoactuator normallyfunctig
valve draws current (power) only when the actuator moves.: Furthg
roportional to the actuator velocity, so there is little power’consum
tuator excursions. This makes system duty cycle an important fa
ng laser life.

the system so that the laser is in a "friendly* environment is also

res that locate the laser with other electrohic components (such ag
mputer) in an equipment bay, and theilaser's light output brought t
bd fiber. Also, lasers like many electronic components, are sensiti

sideration. A person is not able to protect themselves by closing t
know that they are.being exposed to the laser radiation. Within th
must be certified-by/the manufacturer to conform to the eye expos
set by requirements contained in FDA Regulation 21 CFR Subch
7136.2 may, also be imposed as well as regulations of the Internat
hnical Commission (IEC) Standard 825. The system designer ma
on which dictates that IEC Class 1 emission requirements be met
utdown, when the optical interconnection path is broken for any re

or at very low

ns this way in that
er, the current it
ption for low

ctor when

mportant. Lower
achieved with

b the primary flight
b the actuator over
e to electro-static

bty is a concern because-the’human eye cannot detect the wavelength of most lasers

neir eyes, because
e U.S,, all laser
ire safety

hpter "J". ANSI
onal

y be faced with a
through automatic
ason, such as the

de-mating

of)an optical connector pair.

The state of the art in lasers is changing rapidly so this document does not include reliability
data. The research in strained-layer lasers threatens to make existing data obsolete.
Development of laser diodes suited to aerospace applications has recently shown great
promise, resulting in devices stable to 125 °C. As laser development continues, a greater
variety of wavelengths are being used. Strained-layer, quantum-well laser diodes in the
1050 nm range show promise of providing the same reliability at higher power than the

870 nm GaAs lasers that were developed in the previous few years. This is just one example
of how laser technology continues to grow, demonstrating that standardization for lasers at this
time would leave the industry with less than optimum technology.
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4.3.1.1.2 Light Emitting Diodes (LED): The LED is a low power emitter compared to the laser and
typically is not used to power actuation devices, but is useful for optical data transmission.
Lasers on the other hand, tend to have relatively high noise amplitude and modal interference
which may limit the resolution if used with some sensors. Therefore, an LED is used where
precise optical resolution is required, but optical power is not. For example, fly-by-light/control
power-by-wire (where the command signal and other information are carried by light) is well
LED usage. ltis preferred as an aerospace emitter because they degrade
gracefully. There are additional discussions on LEDs in ARD50024 and MIL-STD-1773.

43.1.2

4.3.1.21

4.3.2 Protocol: The physics ofytransmitting power and information by light offers the s
number of different protocol options. Selecting the protocol is an iterative proce
design that dependsion many factors that can generically be called "the archit
actuator leve|, same of the factors that influence and/or are affected by selectio
include the tyjpe_of transducer(s) on board the actuator, the number of fibers goi

suited for

Optical Poy

optical emitters in a friendly environment, detectors are usually located ditectl

device and
Fortunately
provides fu

Detector
improven
electrical
has imprg
detectors

er Detectors: While the system designer sometimes has the optiq

therefore must withstand all the environments that the actuator ex

n of locating the
y on the actuation
beriences.

they are more rugged and are more capable of such cenditions. MIL-STD-1773

ther general discussion on detectors.

Efficiency: Development of detectors, like lasers; continues to resuilt in performance

ents. Efficiency is the key parameter in evaluating detectors, and
power output divided by the optical powerdaunched on the photoss
ved from the 30% range for silicon based detectors to the 50% ral

GaAs detectors are also attractive because of their operating cay

(200 °C)

The systgm designer should be awarelof the importance of matching the res
with the peak efficiency point of the\detector, and that changing resistance 3
conversign efficiency. Detector efficiency varies with changes in the electrig
Also, effidiency is dependent.on the light received on its surface, so alignme
toleranceg are important when building components with optical detectors.

emperatures. However, their efficiency does decrease with increag

is defined as the
ensitive surface. It
nge for GaAs
bability at higher
sing temperature.

istance of the load
Iso changes the
al resistive load.
nt and positioning

ystem designer a
ss in the system
bcture”. At the

n of protocol

ng to the actuator,

and the electro-mechanical drive schemes. Three generic protocols for controlling the electro-
mechanical devices within the actuator are discussed below.

The system designer will have the option to integrate any of these protocols (including one that is
consistent with accommodating optical transducers) in the desired architecture.

-15-



https://saenorm.com/api/?name=68d9d1b37f7f06e5c3d162f9c9414b2c


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /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
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdLibBT-Regular
    /AdobeSansMM
    /AdobeSerifMM
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /AlefbetNormal
    /Algerian
    /AlgerianBasD
    /AlgerianD
    /AllegroBT-Regular
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanGaramondBT-Bold
    /AmericanGaramondBT-BoldItalic
    /AmericanGaramondBT-Italic
    /AmericanGaramondBT-Roman
    /AmericanTextBT-Regular
    /AmericanUncD
    /AmerigoBT-BoldA
    /AmerigoBT-BoldItalicA
    /AmerigoBT-ItalicA
    /AmerigoBT-MediumA
    /AmerigoBT-MediumItalicA
    /AmerigoBT-RomanA
    /AmerTypewriterITCbyBT-Bold
    /AmerTypewriterITCbyBT-Medium
    /Anna
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMonospaced
    /ArialMonospaced-Bold
    /ArialMonospaced-BoldOblique
    /ArialMonospaced-Oblique
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoldBoeD
    /ArribaArribaLetPlain
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /ArsisD-Regu
    /ArsisD-ReguItal
    /AtlanticInline-Normal
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BakerSignet
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BermudaLP-Squiggle
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni-Bold-DTC
    /BodoniMTPosterCompressed
    /Bodoni-Roman-DTC
    /Bodoni-RomanItalic-DTC
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CaslonOpenfaceBT-Regular
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chaparral-Display
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CompactaBoldPlain
    /CompactaPlain
    /CooperBlack
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /Cutout
    /DomCasual
    /EdwardianScriptITC
    /EngraversGothicBT-Regular
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /Eurostile-Oblique
    /Fences
    /FencesPlain
    /FetteEngschrift
    /FootlightMTLight
    /FranklinExtraCondGothic
    /FranklinGothic
    /FranklinGothic-Cond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GarrisonCondSans
    /GarrisonExtraBoldSansBOLD
    /GarrisonExtraCondSans
    /GarrisonLightSans
    /GarrisonSans
    /GarrisonSansBOLD
    /GarrisonSansITALIC
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GoudyOldStyle
    /GoudyOldStyleITALIC
    /GreymantleMVB
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KauflinnBOLDITALIC
    /Khaki-Two
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /Mojo
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Tilt
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGotDCD-Ligh
    /NewsGotDCD-Regu
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothic-Oblique
    /NewsGotT-Bold
    /NewsGotT-Demi
    /NewsGotT-Ligh
    /NewsGotT-Medi
    /NewsGotT-Regu
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /Nyx
    /OCRA-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /Optimum-Bold
    /Optimum-Roman
    /Ouch
    /OzHandicraftBT-Roman
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /ParagonPlain
    /Parchment-Regular
    /Playbill
    /Pompeia-Inline
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /Postino-Italic
    /Raavi
    /Ravie
    /Ribbon131BT-Bold
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /Shuriken-Boy
    /SnapITC-Regular
    /SpumoniLP
    /Stencil
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonMM
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /VAGRound
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VillageSquare
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Windsor
    /WindsorCondensed
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /WP-HebrewDavid
    /ZapfDingbats
    /ZWAdobeF
  ]
  /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 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


