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Abstract

This article deals with the reliability analysis and architecture definition of a fault-tolerant electro-mechanical actuator
system for unmanned aerial vehicle applications. Starting from the basic layout of the flight control system of a medium
altitude long endurance unmanned aerial vehicle, the attention is focused on the fault mode analysis of the single electro-
mechanical actuator system, with the purpose of pointing out the effects of architectural choices on the system reliabil-
ity. The electro-mechanical actuator system, developed to be a self-monitoring equipment, has three operating modes:
normal, fail-operative and fail-safe. Reliability and safety budgets are quantitatively evaluated via fault tree analysis using
typical failure rates of system components, and the most critical paths are identified and discussed.
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Introduction motor and a gear reducer, several strategies can be used
to reach this goal. Mechanical redundancies can be
employed in torque summing or velocity summing
architectures.”'® Electric redundancies can operate in
multiple lanes for both control and power electro-
nics.”!" The choice about the number and the type of
redundancies depends on the target reliability allocated
to the actuator which, in turn, depends on the whole
flight control system (FCS) architecture and its overall
reliability. For example, the split of control surfaces
into independent sub-surfaces, each one actuated by a

Electrically powered actuators are nowadays the refer-
ence technology for unmanned aerial vehicle (UAV)
flight controls, and their applicability is quite proved in
terms of performances.' * Electro-mechanical solutions
allow to attain load, speed and dynamic response objec-
tives,” but several concerns are still open in terms of
reliability. In particular, the use of electro-mechanical
actuators (implying less maintainability constraints,
thanks to the elimination of hydraulic fluids) requires a
cautious approach to safety issues, mainly for a lack of
statistical database about components’ fault modes.®
An effective counteraction is provided by redundant Dipartimento di Ingegneria Civile e Industriale, Universita di Pisa, Pisa,
architectures managed by health-monitoring electro-  Italy

nics, in order to obtain fail-operative and/or fail-safe c g h
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Table I. UAV safety objectives for flight on non-segregated airspace: comparison between Italian and US military regulations.

Hazard risk index STANAG 4671:2009'7  AER(EP).P-6'8 Catastrophic  Hazardous Major Minor No safety
(150 kgf < MTOW (MTOW > 4000 kgf) effect
= 20,000 kgf)

Frequent p> 1073 pFH p> 10" pFH

Probable p<1073pFH p<10~' pFH

Remote p<10"*pFH p< 1073 pFH

Extremely remote p<10"°pFH p< 107> pFH Acceptable

Extremely improbable p < 107 pFH p<107¢pFH

MTOW: maximum take-off weight.

single EMAS, makes the total loss of control (LOC) of
the actuators less critical. System health monitoring
with fault detection and isolation is also a key issue in
order to make the EMAS operative in case of partial
failure, or fail-safe in case of total LOC.'*!? Reliability
analysis plays a fundamental role in this context, by
identifying failure modes criticality and providing
quantitative system failure rate evaluation.'*'¢

In this article, the reliability analysis has been car-
ried out through the following steps. First of all, the
cumulative probability for a catastrophic failure condi-
tion is defined, according to applicable airworthiness
certification regulations for a medium altitude long
endurance (MALE) UAV.'”!8 The FCS layout is then
chosen, in terms of number of control surfaces, each
one actuated by a single EMAS. The possible FCS fail-
ure modes are analysed by a functional hazard assess-
ment (FHA) to find the most critical condition and to
derive the failure rate budget for a single EMAS. A
possible EMAS architecture is therefore defined, in
terms of number and type of internal redundancies.
Finally, a fault tree analysis (FTA) is performed to
evaluate the system failure rate and to compare it with
the target budget. The most critical paths of the FTA
are identified and discussed, by highlighting the EMAS
components that are more relevant for the reliability
level. A list of EMAS monitors capable of managing
system redundancies and providing satisfactory failure
coverage is finally given.

Safety budget allocation for UAV EMAS
Certification references

The design of an actuator for modern primary flight
controls (i.e. implementing automatic and/or autono-
mous functions) is strongly affected by the safety
requirements imposed at aircraft level by the airworthi-
ness regulations. This issue is overemphasised in case of
UAYV applications, also for the lack of a unified certifi-
cation reference. The NATO airworthiness certification
regulation STANAG 4671:2009' is applicable to UAVs

having maximum take-off weight (MTOW) in the range
150-20,000 kef flying above non-segregated airspace,
and its paragraph 1309 states that the cumulative prob-
ability of occurrence of catastrophic failure conditions
shall be lower than 10~° per flight hour. The Italian
Ministry of Defence technical directive AER(EP)-P.6'®
also provides guidelines for the safety objectives of
Italian Army UAV weighting more than 4000 kgf
(Table 1). In particular, the cumulative probabilities of
failures with catastrophic and hazardous effects are
equal to those recommended by STANAG 4671, while
the requirements are more relaxed for failures impacting
on UAYV reliability (i.e. with major or minor effects).

The reliability requirements of safety-critical equip-
ments derive from those at UAV-level (Table 1), and
also depend on UAYV architecture, that is, on the num-
ber of failure conditions determining an event with
safety/reliability effects. For the preliminary design
phases, the AER(EP)-P.6 document (used in this work
as reference for the EMAS architecture definition) sug-
gests to assume 100 catastrophic failure conditions, and
to consequently scale all other objectives. This means
that the probability of occurrence of a single cata-
strophic failure condition shall be budgeted at 10~® per
flight hour.

Flight control actuation system layout and EMAS
failure rate budgeting

The work has been carried out with reference to the lay-
out of the FCS of a MALE UAYV developed by Alenia
Aermacchi (see Figure 1). Provided that each surface is
moved by a dedicated EMAS, the flight control func-
tions are implemented as follows:

®  Roll control: performed by four ailerons, two per
wing;

® Pitch control: performed by three elevators on
the horizontal tail;

®  Yaw control: performed by two rudders, one per
each of the two vertical tails.
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Table 2. Failure rate budgeting for the flight control EMAS.

FHA outcomes

EMAS failure rate budgeting

Failure mode

Failed surfaces

Effects

Reliability constraint
from AER(EP)-P6

Requirement
for )\EMAS

Partial loss of aileron surface

Total loss of aileron surface

Partial loss of elevator surface

Total loss of elevator surface

|
2, on different wings
2, on the same wing

N—N—WN—WN—N =

Major

Major
Hazardous
Hazardous
Catastrophic
Minor

Major
Hazardous
Hazardous
Catastrophic
Catastrophic

4 AEMA52< IO:SSPFH
4 /\EMASZ < |0_7 PFH
2 AEMAS <10 pFH

4 AEMAS < |077 PFH

6 /\EMASZ < |078 pFH
3 Agmas < 1073 pFH
3 Aemas? < 107° pFH
Aemas® < 1077 pFH

3 )\EMAS <10~ PFH
3 Aemas? < 1078 pFH
)\EMA53 < |078 FH

<2.50 X 107© pFH
<1.58 X 1073 pFH
<224 X 10~* pFH
<2.50 X 10 8 pFH
<4.08 X 107° pFH
<3.33X 107 *pFH
<1.83x 1073 pFH
<4.64 X 1073 pFH
<3.33X 1078 pFH
<5.77 X 10~ pFH
<2.15X 1073 pFH

Partial loss of rudder surface Major 2 Agmas < 107 pFH <5x107¢ pFH
Hazardous Aemas” < 1077 pFH <3.16 X 107 * pFH
Total loss of rudder surface Hazardous 2 Agmas < 10”7 pFH <5x 1078 pFH
Catastrophic Aemas” < 1078 pFH <10~*pFH
EMAS: electro-mechanical actuator system; FHA: functional hazard assessment.
Partial loss is intended as a condition of performance degradation, but the surface motion is still safe.
Total loss is intended as a condition that causes a surface jam or unsafe motion.
Bold characters indicate the most stringent case for the maximum allowable EMAS failure rate requirement.
Total loss of <107 pFH
ailerons control
flap aileron
(secondary
control)
rudder
Total loss of Total loss of Total loss of Total loss of
left outboard left inboard right inboard right outboard
aileron aileron aileron aileron
elevator
<2.5%pFH  <2.5®pFH <2.5%pFH  <2.5®pFH

Figure I. Flight control surfaces of the reference MALE UAV.

An excerpt of the preliminary FHA of the UAV
FCS is given in Table 2, together with the evaluation of
the derived EMAS failure rate requirement (Agpas),
once that the AER(EP)-P.6 safety/reliability constraints
are applied. The calculation is made under the assump-
tion that the EMAS is only affected by random faults
(i.e. infant mortality and wear-out effects are
neglected), so that its failure probability density is
exponential.'”” The results demonstrate that the roll
control function is the most critical one (Figure 2), and
that the dimensioning criterion for EMAS failure rate
is related to the total loss of 1 out of 4 ailerons.

Figure 2. Example pf EMAS failure rate budgeting.

EMAS architecture definition

High computational resources are needed to perform
the closed-loop control of EMAS, especially for current
and speed loops. For this reason, these functions cannot
be performed by the flight control computers (FCC),
but they must be implemented by dedicated electronics.
The control electronics can be integrated with the
actuator, obtaining the so-called smart actuators, or
separately installed into actuator control units (ACU).
The latter approach has been used for the proposed
EMAS, mainly to overcome installation problems:

Downloaded from ade.sagepub.com at Biblioteca di Scienze on May 23, 2016


http://ade.sagepub.com/

Advances in Mechanical Engineering

smart actuators have larger dimensions, which in some
cases are not compatible with the airfoil thickness.

Functional requirements

In the reference application, the FCS has three FCCs
handling the air data and inertial sensor signals. The
FCCs exchange their data in order to process a com-
mon set of feedbacks and provide the EMAS with con-
sistent operating mode and set-point commands. The
operating mode and the set-point commands are the
inputs which enable the EMAS to perform its two main
functions: equipment health-monitoring and surface
control.

Equipment health-monitoring function. With this function,
the EMAS provides information to the FCCs about the
health state of its parts and components. These feed-
backs allow the FCCs to define the EMAS operating
mode, which can be

Normal,
Fail-operative, corresponding to the ‘system
reconfiguration’ mode, in which one or more
faults to EMAS components have occurred, and
they have been detected, isolated and (if applica-
ble) compensated, so that the system maintains
its performances to a satisfactory level;

®  Fuil-safe, corresponding to the ‘system recovery’
mode, in which one or more faults to EMAS
components have occurred, and they have been
detected and isolated, and the system is config-
ured to react to loads and environment without
lowering the safety of the whole aircraft.

Surface control function. With this function, the EMAS
provides motion control of the aerodynamic surface. In
normal and fail-operative modes, this is obtained by a
closed-loop control of the surface rotation, which
assures static and dynamic performances (high accu-
racy and resolution, low hysteresis, adequate motion
bandwidth and dynamic stiffness, while in fail-safe
mode the function only implies that the actuator oper-
ates without lowering the aircraft safety.

The health-monitoring algorithms, executed at high
rate both before and during flight (via Power-Up Built-
In-Test and Continuous Built-In-Test, respectively), are
performed within the ACU. In case of a detected fail-
ure, the ACU has the authority to set the EMAS in fail-
operative or fail-safe mode, communicating to the FCC
the health state. In case of lack of communication, the
FCC has the authority to command the EMAS transi-
tion to the fail-safe mode.

Concerning the closed-loop control, it is digitally
achieved within the ACU computing processor by three
nested loops on EMAS position, motor speed and
motor current. The loops run at different frequencies
to guarantee adequate stability margins. Preliminary
design studies provide evidence of the possibility of
obtaining an EMAS position bandwidth of 7Hz, by
setting the sampling rate of current and speed loops at
10 kHz and the position loop at 500 Hz.

In the fail-safe mode, the proposed EMAS is
designed to provide the surface with damping, in order
to avoid catastrophic effects (e.g. flutter instability).
This damping action is provided, once the motor is iso-
lated from the electrical supply, by imposing the short
circuit on its phases and by dissipating the regenerated
currents on a bank resistor.

Qualitative CA of a simplex EMAS

In order to identify the most critical fault modes affect-
ing the EMAS and to justify the proposed design solu-
tions, a qualitative criticality analysis (CA)' is reported
here with reference to a simplex rotary EMAS com-
posed of the following:

e A simplex digital ACU, performing closed-loop
controls on motor currents, speed and position;
e A three-phase permanent magnet synchronous
motor;
® A mechanical transmission from the motor to
the aerodynamic surface;
Three current sensors (one per phase);
A resolver for the motor control;
A rotary variable differential transformer
(RVDT) transducer for the rotation sensing.

The CA is developed following the approach used in
Balaban et al..® by defining three groups of failure
modes, depending on the component/assembly in which
the fault occurs:

Electronic failures
Electrical failures
Mechanical/structural failures

As shown from Tables 3 to 5, each component/
assembly fault mode is analysed, by defining the possi-
ble fault causes and providing an estimation of the
following:

e Fault probability of occurrence (FPO) during
the operating time interval, defined selecting one
of the following five levels:'

o Frequent (Level A)
o Reasonably probable (Level B)
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Table 3. Qualitative criticality analysis of a simplex EMAS (electronic components’ failures).
Component/assembly Fault mode Fault mode ref. Fault cause FPO FSC
Power supply module Open circuit ECOI Wire crack D |
Short circuit ECO02 Wire chafing D |
Insulation degradation
Thermal runway ECO03 Component dielectric breakdown D |
Controller capacitor EC04 Component dielectric breakdown D |
open/short circuit
Power Electronics e.g. MOSFET open/ ECO5 Various C |
(MOSFET with related circuitry) short circuit
Control Electronics (CPU, etc.) e.g. CPU failure ECO06 Various C |
FPO: fault probability of occurrence; FSC: fault severity category; MOSFET: metal-oxide semiconductor field-effect transistor.
Table 4. Qualitative criticality analysis of a simplex EMAS (mechanical components’ failures).
Component/assembly Fault mode Fault mode ref. Fault cause FPO FSC
Surface link Backlash MEO| Wear of components C ]l
Jamming MEO2 Wear of components E |
Structural failure MEO3 Warping or load misalignment E |
Bearings Backlash MEO04 Wear of components C ]l
Jamming MEO5 Recirculating elements block E |
Wear of components
Collapse ME06 Warping or load misalignment E |
Output lever Structural failure MEO7 Crack E |
Gearbox Backlash MEO8 Wear of components C 11l
Jamming MEO9 Wear of components E |
Collapse MEI0 Crack E |
Seals Leakage MEI | Wear D I
MEI2 Crack
Lubricant Loss of lubrication MEI3 Contamination C ]l
MEI4 Chemical breakdown

FPO: fault probability of occurrence; FSC: fault severity category.

0 Occasional (Level C)
o Remote (Level D)
o Extremely remote (Level E)

e Fault severity category (FSC) evaluated at
EMAS level, defined selecting one of the follow-
ing four categories:'’

o System loss (Category I)

o System function loss (Category II)

o System function degradation (Category III)
o Unscheduled system repair or maintenance

(Category IV)

The CA results have been then reported in the criti-
cality matrix shown in Figure 3. The criticality matrix,
synthetically comparing the fault modes in terms of
severity and probability of occurrence, provides a tool
for assigning corrective action priorities. In particular,
the further along the diagonal line from the origin the
fault mode is recorded, the greater the criticality and
the more urgent the need for implementing corrective

action. It is worth noting that the criticality matrix of
the simplex EMAS has no fault modes classified as
Category 11, since the system has only one function and
there is no difference between Category I and Category
II. It can be noted that for a simplex EMAS, several
corrective actions should be necessary to have chance
of being safety compliant.

Proposed self-monitoring solution

As depicted in Figures 4 and 5, the proposed EMAS is
composed of the following:

e The ACU, including

© two independent computing sections, imple-
menting health-monitoring (MON lane) and
closed-loop control (CON lane);

o

a power section modulating the motor coil
currents, with three full H-bridges, each one
dedicated to a coil, so that the motor is dri-
ven with isolated phases;
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Table 5. Qualitative criticality analysis of a simplex EMAS (electrical components’ failures).

Component/assembly Fault mode Fault mode ref. Fault cause FPO FSC
Motor connectors Disconnection ELOI Disconnection E |
Contact degradation ELO2 Intermittent connection D |
Motor coil Opened coil ELO3 Wire crack C I}
Shorted coll ELO4 Wire chafing C ]l
Insulation degradation
Partially shorted coil ELO5 Wire chafing C I}
Insulation degradation
Motor rotor Magnet separation ELO6 Bond degradation E |
Magnet demagnetisation ELO7 Thermal runway C 1
Resolver Opened coll ELO8 Wire crack D |
Shorted coil ELO9 Wire chafing D |
Insulation degradation
Disconnection ELIO Disconnection E |
Current sensors Opened coil ELII Wire crack D Il
Shorted coil ELI2 Wire chafing D Il
Insulation degradation
RVDT Opened coil ELI3 Wire crack D |
Shorted coil ELI14 Wire chafing D |
Insulation degradation
Disconnection ELI5 Disconnection E |
Wiring Opened coil ELI6 Wire crack D |
Shorted coll ELI7 Wire chafing D |

Insulation degradation

FPO: fault probability of occurrence; FSC: fault severity category; RVDT: rotary variable differential transformer.

Figure 3.

»

Severity level 4

MEO2, MEO3,

MEOS, MEOS,

| MEO7, MEO9,

ME10, ELO1, ELOS,
EL10, EL1S

ELO2, ELO8, ELO9,

EL13, EL14, EL16,

EL17, ECO1, ECO2,
ECO03, EC04

ECO5, EC06

Increasing
criticality

1] EL11, EL12

Corrective action required

Corrective action to be
discussed

ELOS; ELO4, ELOS,
ELO7, MEOL,
ME04, MEOS,
ME13, ME14

n ME11, ME12

Corrective action not
required

CIOIE]

»

»

Probability level

Ciriticality matrix for a simplex EMAS.

a cross-lane data link (CLDL), for the data
exchange between the lanes;

a supply voltage sensor (SVS);

a temperature sensor (TS), measuring the
ACU operating temperature;

three current sensors (CSal, CSbl, CScl),
used for closed-loop controls;

three current sensors (CSa2, CSb2, CSc2),
used for monitoring algorithms;

three voltage sensors (VSa, VSb, VSc) used
for monitoring algorithms;

a resolver (R) for the motor shaft rotation,
used for closed-loop control;

o a transducer (RVDT]1) of actuator rotation,
used for closed-loop control;

o a transducer (RVDT?2) of actuator rotation,
used for monitoring algorithms.

e The EMA, including

o three-phase permanent magnet synchronous
motor with sinusoidal modulation;

© a two-stage gearbox for the mechanical
power transmission.

The ACU CON lane, based on digital signal proces-
sor (DSP) technology, is able to manage both the
EMAS sensor interfaces and the pulse width
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Figure 4. Interface between the EMAS and the FCCs.

modulation (PWM) drive of the motor phases. The
MON lane is based on an Advanced RISC Machines
(ARM) processor, selected to implement hardware dis-
similarity with the ACU CON Lane. The ARM

processor has reduced computing performances if com-
pared with the DSP, but it integrates two processors in
lock-step configuration to improve the processor error
detection (e.g. bus errors and memory errors).

EMAS health-monitoring algorithms

The three basic activities performed by the EMAS mon-
itoring algorithms are as follows:

®  Fault detection: the operation of distinguishing

between normal and failed behaviour, carried
out by monitoring, processing and testing system
measurements;

Fault isolation: the process of determining the
failed component/subsystem that is responsible
for abnormal behaviour after a failure has been
detected;

Fault compensation: the process of responding to
the failure to recover some level of system
performance.

The following monitor algorithms have been defined
to detect the fault modes analysed during the reliability
analysis (a detailed description of the above-mentioned
monitor functions is out of the scope of this work):

1. Outer loop monitor, which predicts, by means of
a model, an expected EMAS response to inputs,

in order to detect overall system malfunctions;

Note

Voltage Supply

ACU: Actuator Control Unit —— Signals for CL
PSU : Power Supply Unit —— Signals for ML
ACU CL: Control Lane B Electrical power
| ML: Monitor Lane mmm Mechanical power
R : Resolver
‘ CS: Current Sensor
. TS: Temperature Sensor
Electrical SVS: Supply Voltage Sensor
supply VS: Voltage Sensor
Switches
Position commands
demand 0
—» utput
PWM —1 Motor Gearbox P
N Lever
EEEETY csalcsbilcscilcsazlesbalcse RvDT1]RVDT2
Currents T ] vsa | vsb [ vsc
Cross-Lane ~
Data Link Rotation
. Position
Electrical supply
from PSU
Position M L
demand
X3 TTT . Currents and Voltages
[
T

PSU Temperature Position

Figure 5. Self-monitoring EMAS architecture.
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2. Current monitor, which performs a check of the
current levels in the motor coils, to detect
opened coils and to protect from over-currents;

3.  Cross-lane current monitor, which performs a
comparison between the motor currents mea-
sured by the CON and the MON lanes, to detect
sensor faults;

4. In-lane monitors on RVDTs and resolver, which
perform checks of the status of the sensors, to
detect component fault;

5. Cross-lane position monitor, which performs a
comparison between the positions measured by
the CON and the MON lanes, in order to detect
transducer faults;

6. Voltage supply monitor, which performs a check
of the voltage supply level, in order to detect a
voltage supply breakdown or a voltage sensor
fault;

7. PSU temperature monitor, which performs a
check of the PSU temperature level, in order to
detect an abnormal heating of the PSU or a TS
fault;

8. In-lane CPU monitors (watchdog) for both
CON and MON lanes;

9. Cross-lane voltage demand monitor, which per-
forms a comparison between the voltage
demand for PWM calculated by the CON and
the MON lanes, to detect CPU and I/O faults;

It is worth noting that combinations of these algo-
rithms can be implemented for health-state definition
at specific mission phases (power-up, pre-flight, etc.).

Effects of the architectural choices on the safety
compliance

The safety concerns related to the application
(Figure 3) are overcome by the proposed self-
monitoring architecture. In particular,

e the system reconfiguration covers the following
faults (thanks to the phase-isolating electronics,
the control loops are reconfigured and the motor
works without performance degradation with
only two coils):

o Electrical failures to the motor coils (EL03,
EL04 and ELOS, classified as C.III) and to
the current sensors (EL11 and EL12, classi-
fied as D.II);

o The power electronics failures (EC05, classi-
fied as C.I)

e the system recovery covers the following faults:

o Control electronics failure (EC06, classified
as C.I);

o Resolver electrical failures (ELO8 and EL09,
classified as D.I);

o RVDT electrical failures (EL13 and EL14,
classified as D.I);

o Wiring failures (EL16 and EL17, classified
as D.I);

o Power supply failures (EC01, EC02, EC03
and EC04, classified as D.I);

o Magnet faults (EL06, classified as E.I, and
ELO07, classified as C.II1);

o Resolver and RVDT disconnections (EL10
and ELI1S5, classified as E.I).

All other EMAS faults can be covered via mainte-
nance programme (e.g. all the jamming and structural
failures) or by specific design solutions (e.g. standard
rugged connectors).

Figures 6 and 7 show the FTA related to the total
loss of the surface control (i.e. total loss of the EMAS),
with reference to the simplex EMAS and to the self-

Table 6. EMAS components failure rate data at 55°C in AUC

environment. 23
Component/assembly Fault mode ref. Failure rate
(X 107 pFH)
Power supply module ECOI 0.030
ECO02 0.030
ECO03 0.030
EC04 0.030
Power electronics ECO05 0.922
Control electronics EC06 0.820
Fail-safe electronics® ECO07 25.546
Surface link MEO02 0.001
MEO3 0.001
Bearings MEO5 0.001
MEO6 0.001
Output lever MEO7 0.001
Gearbox MEQ09 3x107*
MEIO 3x 1074
Motor connectors ELOI 0.004
ELO2 0.380
Motor coil ELO3 1.14
ELO4 .14
ELO5 .14
Motor rotor ELO6 1o*
Resolver ELO8 0.162
ELO9 0.162
ELIO 0.003
Current sensors ELII 0.156
ELI2 0.156
RVDT ELI3 0.270
EL14 0.270
ELI5 0.005
Cabling ELI6 0.547
Ell7 0.547

RVDT: rotary variable differential transformer.
?Additional electronics (switch assembly) for the self-monitoring
solution.
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Resolver RVDT failure
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Figure 6. FTA related to the total loss of the simplex EMAS (failure rates X 10~ pFH).

monitoring solution. The failure rate data used in the
FTA have been obtained from the literature’®>* by
assuming 55°C operating temperature and airborne
uninhabited cargo (AUC) environment (Table 6).

The simplex solution has a 8.828 X 10~ pFH prob-
ability of total loss of surface control (Figure 6), so it
is completely inadequate for the application, due to
the failure rates of the electronic and electrical sections
(6.472 X 107% and 2.35 X 10" °pFH, respectively).
On the other hand, the self-monitoring solution
(Figure 7), with a 5.75 X 10"?pFH probability of

total loss of surface control, is safety compliant (Table
2). The FTA highlights that this result has been
obtained by adding the fail-safe electronics, which, in
case of electronic or electrical failures identified by the
health-monitoring algorithms, allows to isolate the
motor from the electrical supply and to impose the
short circuit on its phases (for aerodynamic surface
damping). This design thus implies that the EMAS
safety level is essentially driven by the mechanical fail-
ures, characterised by 5.6 X 10~°pFH probability of
occurrence.
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Figure 7. FTA related to the total loss of the self-monitoring EMAS (failure rates X 10~® pFH).

Conclusion

The architectural design of a fault-tolerant EMAS for
MALE UAV’s is discussed. Starting from a survey on
available airworthiness certification references in case of
flight on non-segregated airspace, the safety objectives
at EMAS level are defined, and a qualitative CA is per-
formed on a simplex EMAS, to identify the fault modes
and causes and to classify their probability of occur-
rence and severity level. The proposed architecture over-
comes the safety concerns of the simplex solution by
using redundant components managed by a health-
monitoring electronics. The EMAS actually includes
two independent computing sections, implementing
monitor and closed-loop control functions, and a phase-
isolating power electronics. Thus, the actuator has three

operating modes: normal, fail-operative (in which the
EMAS is capable of operating with two out of three
motor coils) and fail-safe (in which the motor phases are
shorted and the regenerated currents create a damping
torque on the control surface). To verify the effective-
ness of the architectural choices, a quantitative evalua-
tion of the probability of total loss of the surface control
is performed via FTA on both the simplex and the self-
monitoring solutions. The analysis highlights that the
failure rate of the simplex solution (8.828 X 10~° pFH)
is inadequate for the application due to the high failure
probability of the electronic and electrical sections. On
the other hand, the proposed self-monitoring solution
demonstrates to be safety compliant with a failure rate
(5.75 X 107° pFH) that is essentially driven by the
mechanical failures.

Downloaded from ade.sagepub.com at Biblioteca di Scienze on May 23, 2016


http://ade.sagepub.com/

Di Rito et al.

Acknowledgements

The authors wish to thank Dr Paolo Serena Guinzio and Dr
Germana Vinelli of Alenia Aermacchi for their support to the
activity.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: The research developed in this article was financially
supported by Alenia Aermacchi (Research Contract no. 11-
0426, 6th September 2011).

References

1.

10.

Howse M. All electric aircraft. IEE Power Engineer 2003,
17: 35-37.

. Botten SL, Whitley CR and King AD. Flight control

actuation technology for next-generation all-electric air-
craft. Technol Rev J 2000; 8: 55-68.

. Rosero JA, Ortega JA, Aldabas E, et al. Moving towards a

more electric aircraft. IEEE Aero El Sys Mag 2007; 22: 3-9.

. Navarro R. Performance of an electro-hydrostatic actua-

tor on the F-18 systems research aircraft. NASA/TM-97-
206224, October, 1997. Edwards, CA: Dryden Flight
Research Center.

. Di Rito G, Galatolo R and Denti E. Object-oriented

modelling of flight control actuation systems for power
absorption assessment. In: Proceedings of the 27th con-
gress of the International Council of Aeronautical Sciences
(ICAS), Nice, 19-24 September 2010, http://www.
proceedings.com/09889.html

. Balaban E, Bansal P, Stoelting P, et al. A diagnostic

approach for electro-mechanical actuators in aerospace
systems. In: Proceedings of the 2009 IEEE aerospace con-

ference, Big Sky, MT, 7-14 March 2009, pp.1-13. New

York: IEEE.

. Garcia A, Cusido I, Rosero JA, et al. Reliable electro-

mechanical actuators in aircraft. IEEE Aero El Sys Mag
2008; 23: 19-25.

. Mentjes F. Electrically driven general systems for UAV’s.

In: UAV design processes/design criteria for structures. Meet-
ing Proceedings RTO-MP-AVT-145, Paper 3.1, Florence,
15-16 April 2007, pp.3.1-1-3.1-10. Neuilly-sur-Seine,
France: RTO.

. Fawaz YA. Fundamental design concepts in multi-lane

smart electromechanical actuators. Smart Mater Struct
2005; 14: 1227-1238.

Arriola D and Thielecke F. Design of fault-tolerant con-
trol functions for a primary flight control system with
electromechanical actuators. In: Proceedings of the

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

international  conference  AUTOTESTCON 2015,
National Harbor, MD, 2-5 November 2015, pp.393-402.
New York: IEEE.

Rottach M, Gerada C and Wheeler PW. Design optimi-
sation of a fault-tolerant PM motor drive for an aero-
space actuation application. In: Proceedings of 7th IET
international conference on power electronics, machines
and drives, Manchester, 8-10 April 2014. New York:
IEEE.

Brown D, Georgoulas G, Bae H, et al. Particle filter
based anomaly detection for aircraft actuator systems.
In: Proceedings of the 2009 IEEE aerospace conference,
Big Sky, MT, 7-14 March 2009, pp.1-13. New York:
1IEEE.

Ossmann D and Van der Linden FLJ. Advanced sensor
fault detection and isolation for electro-mechanical flight
actuators. In: Proceedings of the NASA/ESA conference
on adaptive hardware and systems, Montreal, QC,
Canada, 15-18 June 2015, pp.1-8. New York: IEEE.

Cao Y, Wang J, Xie R, et al. Fault tree analysis of
electro-mechanical actuators. In: Proceedings of the 34th
Chinese control conference, Hangzhou, China, 28-30 July
2015, pp.6392-6396. New York: IEEE.

Bennouna O and Langlois N. Development of a fault tol-
erant control for aircraft electromechanical actuators. In:
Proceedings of the conference on electrical systems for air-
craft, railway and ship propulsion (ESARS), Bologna, 16—
18 October 2012, pp.83-87. New York: IEEE.

Wang N and Zhou Y. Research on reliability of a hybrid
three-redundant electro-mechanical actuator. In: Pro-
ceedings of the international conference on mechatronics
and automation, Changchun, China, 9-12 August 2009,
pp-1066-1070. New York: IEEE.

. STANAG 4671:2009. Standardization agreement -

unmanned aerial vehicles systems airworthiness require-
ments (USAR): NATO standardization agency (Edition
D).

AER(EP)-P.6. Istruzioni per la compilazione dei capitolati
tecnici per aeromobili militari. Roma: Ministero della
Difesa — Direzione Generale degli Armamenti
Aeronautici.

O’Connor PDT. Practical reliability engineering. 2nd ed.
New York: John Wiley & Sons, 1985.

Reliability prediction of electronic equipment. MIL-
HDBK-217F Notice 2, 28 February 1995. Washington,
DC: US Department of Defense.

Reliability prediction MIL-HBK 217F subsidiary specifica-
tion. ANSI/VITA 51.1-2008 (R2013), 16 October 2013.
Washington, DC: American National Standards
Institute.

Electronic reliability design handbook. MIL-HDBK-338B,
1 October 1998. Washington, DC: US Department of
Defense.

Non-electronic  parts  reliability data (NPRD-2011).
Washington, DC: Reliability Information Analysis Cen-
ter (RiIAC), US Department of Defense (RIAC Auto-
mated Databook software).

Downloaded from ade.sagepub.com at Biblioteca di Scienze on May 23, 2016


http://ade.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /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
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /Freestylescript
    /FreestyleScript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




