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Abstract:.Structural damage brings strong coupling effects and increases the difficulty of flight control. Aiming at this problem, 
a nonlinear model of aircraft is introduced firstly, and then an adaptive non-singular terminal sliding mode control method is 
presented. The approach can ensure the system to reach the sliding surface and converge to equilibrium point in finite time from 
any initial state without the singularity. In addition, the proposed adaptive non-singular terminal sliding mode controller can 
real-time estimate the uncertainties and external disturbances. The adaptive law is derived in the Lyapunov framework, which 
can guarantee the asymptotical stability of the closed loop system. Finally, simulations with Generic Transport Model (GTM) are 
conducted to demonstrate the effectiveness and advantages of the proposed approach.  
Key Words: Structural damage, Adaptive non-singular terminal sliding mode, GTM 

 
 

1 Introduction 
Structural damage will cause a sudden variation of 

aircraft’s quality, center of gravity and aerodynamic 
characteristics, as well as the destruction of longitudinal 
symmetry, thus bringing strong coupling effects, which 
greatly increases the difficulty of control and affects flight 
security seriously. It is of great significant to improve the 
robustness of the controller, which can keep the basic control 
capability of an aircraft and reduce the accident rate when 
structural damage occurred.  

Extensive studies on control of the damaged aircraft have 
been conducted in the past years. In reference [1], a hybrid 
adaptive method is applied to solve the damage problem, but 
it needs the large learning parameter of neural network, 
which leads to saturation and affect the stability of the system. 
In reference [2], an adaptive algorithm combined dynamic 
inverse with neural network is proposed to solve the problem, 
but stability and control performance can't be ensured at the 
same time. In reference [3], a multivariable adaptive 
reconfigurable control method is applied to the damaged 
aircraft, which can compensate and stable attitude control of 
disturbance in the damaged moment, but its parameter 
adjustment is complex. And in reference [4], an active 
disturbance rejection control method for structural damaged 
aircraft is presented, but the response time is relatively long. 

In this paper, an adaptive non-singular terminal sliding 
mode control is presented for the problem of structural 
damage with partial loss wing in aircraft, which can reach the 
sliding surface and converge to equilibrium point in a finite 
time from any initial state without the singularity. Meanwhile, 
the uncertainties and external disturbances can be estimated 
by the proposed adaptive non-singular terminal sliding mode 
controller. Finally, simulations with GTM are conducted to 
demonstrate the effectiveness and advantages of the 
proposed control approaches.

                                                           
*This work is supported by National Natural Science Foundation (NNSF) 

of China under Grant No. 61273099.  

2 Model Of Damaged Aircraft 

2.1 Nonlinear Model of Damage Aircraft 

Structural damage will cause a sudden change of aircraft’s 
center of gravity and aerodynamic characteristics, as well as 
the destruction of symmetry. So the dynamics equations are 
necessary to be reconsidered and derived.  

Assume that the earth is flat and stationary in the inertial 
space, and the aircraft is a rigid body. Then the dynamic 
equations with a fixed body axis can be derived by using the 
Newton’s second law [5].  

2 2

2 2

2 2
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  (2) 

where m  is the mass of aircraft ; T

x y zF F F  are the 
body-axis  components  of   the  aircraft’s    combined  force; 
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TL M N are the body-axis components of the aircraft’s 
moments; Tu v w are the body-axis components of the 
aircraft’s speed;  Tp q r are the body-axis components of 
the aircrafts angular velocity; Tx y z  are the offset of    
in the body frame.; xI  yI zI   are moments of  inertia about 
aircraft around the body axis;  xyI xzI  yzI   are products  of  
inertia. 

As seen from the equations (1) and (2), the structural 
damage destroys the symmetry of the aircraft body, causing 
the offset of   and additional moments of inertia, which will 
cause uncertain acceleration and moments and lead to the 
longitudinal and lateral couplings. All those will make the 
dynamic characteristic more complex. 

2.2 Analysis of Aircraft Characteristics 

The aerodynamic coefficients of GTM got from the 
reference[6] are shown in Table 1 and 2. Table 1 shows the 
aerodynamic coefficients of undamaged aircraft and Table 2 
shows the aerodynamic coefficients of 33% wing damaged 
aircraft. 

Table 1: Aerodynamic coefficients of undamaged aircraft 

 XC  ZC  mC  YC  lC  nC  

0 -0.0284 -0.022 0.1556 0 0 0 

 0.0011 -0.0864 -0.0295 0 0 0 
2  0.0015 0.0007 0.0011 0 0 0 

q  -0.1929 -22.298 -44.889 0 0 0 
2q  523.073 1085.46 -19.726 0 0 0 

e  -0.0002 -0.0075 -0.0295 0 0 0 
2

e  0 -0.0001 -0.0003 0 0 0 

 0 0 0 -0.0176 -0.0024 0.0037 
2  0 -0.0006 -0.0007 0 0 0 

p  0 0 0 -0.0272 -0.3609 -0.0023 
2p  1.140 -0.0779 -0.4491 0 0 0 

r  0 0 0 0.8274 0.0717 -0.3522 
2r  0.8199 -0.1518 -2.7175 0 0 0 

a  0 0 0 0.0003 0.0011 0 
2

a  0 0 0 0 0 0 

r  0 0 0 0.0067 0.0006 -0.0035 
2

r  0 0 0.0001 0 0 0 

Table 2: Aerodynamic coefficients of 33% wing damaged aircraft 

 XC  ZC  mC  YC  lC  nC  

0 -0.0284 -0.0125 0.1659 -0.0006 -0.0042 0.0001 

 0.0009 -0.0747 -0.0221 -0.0005 -0.0043 -0.0002 
2  0.0013 0.0006 0.0009 0.0001 0 -0.0001 

q  -0.2037 -20.859 -44.357 -0.0388 -0.3222 -0.016 
2q  515.058 -1085.4 -19.943 1.1059 -0.0725 -0.9065 

e  -0.0002 -0.0075 -0.0295 0 0 0 
2

e  0 -0.0001 -0.0003 0 0 0 

 0 -0.0009 -0.0006 -0.0176 -0.0024 0.0037 
2  0 -0.0006 -0.0007 0 0 0 

p  0.0066 -0.4644 -0.2741 -0.0251 -0.2433 -0.0026 
2p  0.7463 -0.0736 -0.3935 0.2437 -0.0004 -0.1947 

r  0.0011 0.0245 -0.0156 0.8254 0.0669 -0.352 
2r  0.8297 -0.1373 -2.6944 0.0009 -0.0149 -0.0016 

a  0 0.0023 0.0019 0.0002 0.0006 0 
2

a  0 0 0 0 0 0 

r  0 0 0 0.0067 0.0006 -0.0035 
2

r  0 0 0.0001 0 0 0 

The reference combine the result of CFD calculation with 
the wind tunnel measurements under the condition of attack 
angel is 5°.  

We can find that the undamaged GTM model is similar to 
traditional aircraft. Both Longitudinal and transverse motion 
parameters have little effects on Lateral aerodynamic 
coefficients and longitudinal aerodynamic coefficients. The 
aircraft longitudinal motion is decoupled cross. From the 
coefficients of 33% wing tip damage, we can find that the 
aircraft longitudinal motion transverse coupling. The lift and 
drag generated by the wing is asymmetric, which will lead to 
additional roll and yaw moments.  

Table 3: Variations of GTM’s characteristic roots 

category mode undamaged 33%damage 

longitudinal 

Long 

period 

-0.0198 + 

0.0270i 

-0.0101 + 

0.0342i 

-0.0198 - 

0.0270i 

-0.0101 - 

0.0342i 

short 

period 

-2.9803 + 

5.7368i 

-2.8767 + 

5.3720i 

-2.9803 - 

5.7368i 

-2.8767 - 

5.3720i 

lateral 

Roll 

damping 
-5.1593 -3.8289 

spiral -0.0012 -0.0006 

Holland roll 

-0.7120 + 

5.8202i 

-0.7411 + 

5.8303i 

-0.7120 - 

5.8202i 

-0.7411 - 

5.8303i 

As can be seen in Table 3, when the GTM is undamaged, 
all the modes of the  longitudinal and lateral are stable, 
including the long period mode, the short period mode, the 
roll damping mode, the Holland rolling mode and the spiral 
mode. When the aircraft is 33% wing damaged, the entire 
characteristic roots shift right except the Holland roll mode, 
especially in the roll damping mode. So the reconfigurable 
control law is certainly demanded to ensure the aircraft 
performance. 

3 Design Of Adaptive NTSM Control Law 
The problem of sudden variations in aircraft’s quality, 

center of gravity and aerodynamic characteristics, as well as 
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the coupling between longitudinal and lateral are certainly 
caused by the wing damage. To solve these problems, an 
adaptive non-singular terminal sliding mode control is 
proposed, which can ensure the system to reach the sliding 
surface and converge to equilibrium point in finite time from 
any initial state without the singularity. In addition, adaptive 
control strategies can well update both the information of 
faults and disturbances. All those can improve the robustness 
and the rapidity of the control law so that the aircraft is better 
to be controlled. 

The whole system contains adaptive law, the non-singular 
terminal sliding mode(NTSM) controller, control allocation, 
and the GTM. Adaptive law is designed to change the control 
law according to the extent of the damage and interference 
estimation, which can make the control more effective. The 
NTSM controller is designed to get the moments by 
inputting the attitude angle. And control allocation is 
designed to transform the moments into the deflections of 
control surface. The whole scheme is as follows:  

GTM
Commands

Adaptive
law

NTSM
controller

Control
allocation

Attitude
anglesU

 
Fig. 1: The Control loop of damaged aircraft 

3.1 NTSM  Controller  Design 

When the wing tip is damaged, the center of gravity will 
change suddenly. The equations of angular motion can be 
described as follows: 

1 1 1 1
G G

1 1 1 11 1 11
G G

1 1 11W I U I V I V I I W  (3) 

Where Tp q rW  are the body-axis components of the 
aircrafts angular velocity, and TX  are the Euler 
angles, TL M NU  are the body-axis components of the 
aircraft’s moments.  W satisfies: 

 MW X   (4) 

Where   

1 0 -sin 0 -r q
= 0 cosf cos sinf = r 0 -p

0 -sinf cos cosf -q p 0
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0

0

x xy xz
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The derivative of equation (4) is: 

 WW MMX X   (5)  

Taking (5) into (3)  

 
1 1

1 1

M M MM

M G M GV
M

1 1
M M M

1X IT U IT IT + IT X

IT IT V
  (6)  

Let 
 1

MG IT   (7) 

 
1

1 1

, G M MM

M G M G

X

V

M
1, M X1

G MF X IT IT IT
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  (8) 

Equation (6) can be simplified as:  
 , GG,X GU F X   (9) 

Define the tracking error e  as 
 Ce X X   (10)  

Then the nonlinear system can be written as 
 , G, G Ce GU F X X   (11) 

As above, the structure damaged aircraft can be 
considered as a MIMO nonlinear system. To apply NTSM to 
the damaged aircraft, the sliding surface is defined as 

 1 g hg hS e e   (12) 

Where  is a positive definite matrix, ,g h  are the positive 
odd integers satisfying 1 2g h . 

The sliding mode trending law [7] is described as: 
 /m nS Q kS yS   (13)  

Where 0
0 1

1

,
1

yk x
x

k y  , / 1 , 1,2,3g h
idiag iQ = e / 1g / i1 ,g h/
i  ,

0 00, 1k y  ,m n  are the positive odd integers satisfying 
0 1m n . 

First order norm of state variables is introduced to this 
adaptive variable rate trending law, which can adaptively 
adjust the index approach velocity with the system state 
away from the equilibrium points. 

From (10), (11) and (12), the NTSM control law is 
obtained 

-1 , -
m

n
G c

h h
g g
h hh, h

cc
hh- hU G F X Ce X kS yS   (14) 

Where  

 / 2

1 0
( )

0 0

ig h
ii i

i

e
ediag c c

e

0iei2 ig h/
i

e
ei

iei

0i

C   (15) 

3.2 Adaptive NTSM  Control 

We take the system uncertainties and external 
disturbances as F , to simplify the formula, cXX is contained 
in F , so the nonlinear system can be written as 

 , G, Ge GU F X F   (16) 
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If the control vector U does not contain the acceleration 
signal, the uncertainties F  is bounded by a positive 
function of the position and velocity measurements [8] 

 2
0 1 2b b b 2F e e   (17) 

Where 0 1 2, ,b b b are positive numbers. 
Then, we get the uncertain bound of each component 
 2

1 2 3 , 1,2,3i i i i i2 , 1,22 ,F e e   (18) 

So 
 1 2 3[ ]Tabs F F F F   (19) 

Assumption1.   System uncertainty F satisfies 
 abs KF X   (20) 

Where 

 
11 12 13

2
21 22 23

31 32 33

[1 ] ,T2 ] ,2 T
KX e e =   (21) 

From Eq.(11),(12), (16), and (20), the adaptive 
non-singular terminal sliding mode (ANTSM) control law is 
obtained 

 

1

1 1

, -G c

m
n

h
g

h
g

hh, cc-

m

U G F X Ce X

G kS yS G f
  (22) 

Where mf is updated by the following adaptive law 

 g
h
g

mf QS   (23) 

Where is a relatively large matrix. 

3.3 Convergence analysis 

Theorem 1.  For the system which satisfies the assumption 1, 
the control law is proposed as (23), the system states can 
reach the sliding surface in finite time. 
Proof.  Define the Lyapunov function candidate 

 11 1
2 2

T TV 1T
m mS S f f   (24) 

The derivative of V can be shown as follows 
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  (25) 

Where ˆ
m m mf f f  

Supposing that the parameter variations and external 
disturbance change very slowly compared to the dynamics of 
disturbance,  that is, the adaptation process of mf  is much 
faster than the changing rate of ˆ

mf that could be achieved by 
choosing a large adaptation gain  , we can obtain 

m mf f  is updated by the following adaptation algorithm: 

 m
g

h
gf QS   (26) 

Then 
 / 0T m nV TV TS Q kS yS   (27) 

From Barbalat Lemma 
 / 0T m nS Q kS yS   (28) 

When 0S , the system states can reach the sliding 
surface in finite time[9], When g/ 10, 0, 1,2,3h i0,g/ 1 0g/ 1 0g

iQ e  
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Fig. 2: Phase plane 

1. when 0,e  
d
d
e
e

 

As shown in Fig.2, when the phase path is in the vertical 
direction of axis e , the speed vector of ,e ee , which is 
nonzero points down. We can deduce that any state point that 
reaches the left half of axis e  can enter the area of 00e  . 
Thus, the system is stable. 
2. when  0,e the system can also be derived to be stable 
using the same analysis method. 

4 System Simulation 
To verify the effectiveness of the adaptive non-singular 

terminal sliding mode controller, 5.5% of GTM shrinkage 
model is presented. The rectangular shape commands are 
given to the pitch and roll axes, as shown in Fig.3. Each 
rectangular signal ascends at 3s and descends at 7s, and 33% 
the structural damage happens at 5s. Simulation results are 
shown as Fig. 3 and Fig.4 
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Fig.3 The attitude response 
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Fig.4 The actuator deflection 

It easily can be seen from Fig.3 that both the responses of 
attitude angle rates can track the desired signals precisely 
when 33% damage occurred with right wing tip at 5s. And it 
tracks the command in 0.2s, which is faster than before.  
From Fig.4, the actuator deflections also meet the limits of 
the operating mechanism deflection and rate constraints, 
which is less than 20°. All those  show the robustness and the 
rapidity of the control law. 

5 Conclusion 
In this paper, the ANTSM controller is developed to 

control the structural damaged aircraft. A three-channel 
attitude controller is designed for a wing damaged aircraft. 

The approach can ensure the system to reach the sliding 
surface and converge to equilibrium point in finite time from 
any initial state without the singularity. In addition, the 
proposed adaptive non-singular terminal sliding mode 
controller can real-time estimate the uncertainties and 
external disturbances. In order to verify effectiveness of the 
proposed algorithm, the algorithm is presented and 
illustrated through simulations on the GTM model. 
Simulation results show the proposed control method can 
solve the control problem in some extent after the aircraft 
damaged.  

6 References 
[1] Nguyen.N, Krishnakumar, and Nespeca, Dynamics and 

adaptive control for stability recovery of damaged 
asymmetric aircraft, AIAA Guidance, Navigation, and 
Control Conference, No. AIAA-2006-6049, 2006. 

[2] Arruda M, Steck D J, Dynamic inverse resilient control of a 
damaged asymmetric general aviation aircraft, Proc. of the 
48th AIAA Aerospace Sciences Meeting Including the New 
Horizons Forum and Aerospace Exposition, 2010: 1-13.  

[3] Yao W, Lingyu Y, and Jing Z, A multivariable adaptive 
reconfigurable control method applied to the wing damaged 
aircraft, Control and Automation (ICCA), 2013 10th IEEE 
International Conference on. IEEE, 2013: 1828-1833. 

[4] Haiyan H, Yang W, and Lingyu Y, Design of attitude 
controller based on active disturbance. Flightl Danamics, 
2013. 

[5] Han C, Yang L, and Zhang J, A predictor-based model 
reference adaptive controller for aircraft with center of 
gravity variations, Control Conference (CCC), 2013 32nd 
Chinese. IEEE, 2013: 3079-3082. 

[6] Jeffrey A. Ouellette, Flight Dynamics and Maneuver Load on 
a Commercial Aircraft with Discrete Source Damage, 
Blacksburg: Virginia Polytechnic Institute and State 
University, 2010. 

[7] Xu B, Zhu H, Adaptive nonsingular terminal sliding model 
control and its application to BPMSM, Control and Decision, 
Vol.29 No.5. 

[8] Liu C, Jiang B, Adaptive Sliding-Mode Control for Uncertain 
Flight System with Actuator Dynamics. Journal Of  Applied 
Sciences, 2009, (4). 

[9] Han C, Yang L, and Zhang J, Adaptive nonsingular fast 
terminal sliding mode control for aircraft with center of 
gravity variations. Proceedings of the Institution of 
Mechanical Engineers, Part G: Journal of Aerospace 
Engineering, 2014.  

 
 

 

720



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


