
Table of Contents 

Foreword. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xiii 
 
Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xv 
 
Part I. Sources of Vibrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
 
Chapter 1. Unbalance and Gyroscopic Effects . . . . . . . . . . . . . . . . . .  5 

1.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
1.1.1. Physico-mathematical model of a rotating system . . . . . . . . . .  7 
1.1.2. Formation of equations and analysis. . . . . . . . . . . . . . . . . . .  7 

1.2. Theory of balancing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
1.2.1. Balancing machine or “balancer” . . . . . . . . . . . . . . . . . . . .  12 

1.2.1.1. The soft-bearing machine . . . . . . . . . . . . . . . . . . . . . . .  12 
1.2.1.2. The hard-bearing machine. . . . . . . . . . . . . . . . . . . . . . .  17 

1.2.2. Balancing in situ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
1.2.2.1. The method of separate planes . . . . . . . . . . . . . . . . . . . .  19 
1.2.2.2. The method of simultaneous planes – influence coefficients . .  24 

1.2.3. Example of application: the main rotor of a helicopter . . . . . . . .  26 
1.2.3.1. Bench test phase on the ground. . . . . . . . . . . . . . . . . . . .  27 
1.2.3.2. Test phase on a helicopter in flight . . . . . . . . . . . . . . . . .  30 

1.3. Influence of shaft bending . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
1.3.1. The notion of critical speed . . . . . . . . . . . . . . . . . . . . . . . .  33 
1.3.2. Forward precession of the flexible shaft . . . . . . . . . . . . . . . .  38 

1.3.2.1. Subcritical speed (Ω < ωcr) . . . . . . . . . . . . . . . . . . . . . .  39 
1.3.2.2. Resonance (Ω = ωcr) . . . . . . . . . . . . . . . . . . . . . . . . . .  41 
1.3.2.3. Supercritical speed (Ω > ωcr) . . . . . . . . . . . . . . . . . . . . .  41 

1.3.3. Balancing flexible shafts . . . . . . . . . . . . . . . . . . . . . . . . .  42 
1.3.4. Example of application: transmission shaft of the tail rotor  
of a helicopter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 



vi     Mechanical Vibrations 

1.4. Gyroscopic effects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 
1.4.1. Forward or backward motion . . . . . . . . . . . . . . . . . . . . . . .  44 
1.4.2. Equations of motion . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 

1.4.2.1. Natural angular frequencies (shaft off motion) . . . . . . . . . .  51 
1.4.2.2. Critical speeds during forward precession . . . . . . . . . . . . .  51 
1.4.2.3. Critical speeds during retrograde precession . . . . . . . . . . . .  51 

 
Chapter 2. Piston Engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 

2.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
2.2. Excitations generated by a piston engine . . . . . . . . . . . . . . . . . .  54 

2.2.1. Analytic determination of an engine torque . . . . . . . . . . . . . .  55 
2.2.2. Engine excitations on the chassis frame. . . . . . . . . . . . . . . . .  59 

2.2.2.1. Knocking load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
2.2.2.2. Pitch torque . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
2.2.2.3. Review of actions for a four phase cylinder engine . . . . . . . .  64 

2.2.3. The notion of engine balancing. . . . . . . . . . . . . . . . . . . . . .  64 
2.2.3.1. Balancing the knocking loads. . . . . . . . . . . . . . . . . . . . .  64 
2.2.3.2. Balancing the galloping torque . . . . . . . . . . . . . . . . . . . .  67 

2.3. Line shafting tuning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
2.3.1. The notion of tuning . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
2.3.2. Creation of the equations . . . . . . . . . . . . . . . . . . . . . . . . .  68 
2.3.3. Line shafting optimization . . . . . . . . . . . . . . . . . . . . . . . .  71 

2.3.3.1. Results for a non-optimized line shafting. . . . . . . . . . . . . .  71 
2.3.3.2. Results for an optimized line shafting . . . . . . . . . . . . . . . .  73 

 
Chapter 3. Dynamics of a Rotor . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 

3.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
3.2. Description of the blade/hub relationship . . . . . . . . . . . . . . . . . .  75 

3.2.1. Some historical data . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
3.2.2. Hinge link of the blade and the hub . . . . . . . . . . . . . . . . . . .  76 

3.2.2.1. Formation of the equations for blade motion. . . . . . . . . . . .  77 
3.2.2.2. Homokinetic rotor . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

3.3. Rotor technologies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
3.3.1. Articulated rotors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 

3.3.1.1. Conventional articulated rotors . . . . . . . . . . . . . . . . . . . .  88 
3.3.1.2. Starflex® and Spheriflex® rotors . . . . . . . . . . . . . . . . . .  89 

3.3.2. Hingeless rotors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 
3.3.3. Hingeless rotor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 

3.4. Influence of alternate aerodynamic loads . . . . . . . . . . . . . . . . . .  93 
3.4.1. Load characterization . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 

3.4.1.1. Loads on a blade . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
3.4.1.2. Dynamic response of a blade . . . . . . . . . . . . . . . . . . . . .  99 



Table of Contents     vii 

3.4.1.3. Loads transmitted by a mode i . . . . . . . . . . . . . . . . . . . .  100 
3.4.2. Analysis of loads transmitted to the rotor hub . . . . . . . . . . . . .  102 

3.4.2.1. Loads transmitted to the rotor. . . . . . . . . . . . . . . . . . . . .  103 
3.4.2.2. Synthesis of rotor loads on the rotor mast . . . . . . . . . . . . .  109 

3.4.3. Dynamic optimization of a blade. . . . . . . . . . . . . . . . . . . . .  111 
3.4.3.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
3.4.3.2. Study of the example of an optimized blade . . . . . . . . . . . .  111 
3.4.3.3. Contribution of the second flapping mode . . . . . . . . . . . . .  116 

 
Chapter 4. Rotor Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 

4.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
4.2. Blade motions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 

4.2.1. Flapping equation – general case. . . . . . . . . . . . . . . . . . . . .  121 
4.2.2. The case of a rotor without eccentricity and flapping stiffness . . .  123 

4.3. Control through cyclic and collective swashplates . . . . . . . . . . . . .  127 
4.4. Control through flaps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 

4.4.1. Description. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129 
4.4.2. Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  131 

4.4.2.1. Flapping equation. . . . . . . . . . . . . . . . . . . . . . . . . . . .  131 
4.4.2.2. Torsion equation . . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 

4.4.3. Ways to control the blade . . . . . . . . . . . . . . . . . . . . . . . . .  136 
 
Chapter 5. Non-Homokinetic Couplings . . . . . . . . . . . . . . . . . . . . . .  141 

5.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
5.2. Analysis of operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  142 

5.2.1. Parametric transformation . . . . . . . . . . . . . . . . . . . . . . . . .  143 
5.2.2. Effects of non-homokinetics: modulation of acceleration . . . . . .  144 
5.2.3. Effects of non-homokinetics: variation of the motor torque . . . . .  146 

5.3. Solutions to make the link homokinetic . . . . . . . . . . . . . . . . . . .  150 
5.3.1. Double Cardan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150 
5.3.2. Introduction of high flexibility . . . . . . . . . . . . . . . . . . . . . .  151 
5.3.3. Homokinetic drive system of a tilt rotor . . . . . . . . . . . . . . . .  152 

 
Chapter 6. Aerodynamic Excitations . . . . . . . . . . . . . . . . . . . . . . . .  159 

6.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159 
6.2. Excitations caused by the Karman vortices – fuselage effects . . . . . .  160 
6.3. Aerodynamic excitations generated by the main rotor of a helicopter .  164 
6.4. Practical solutions for tail-shake . . . . . . . . . . . . . . . . . . . . . . .  168 

 
 
 



viii     Mechanical Vibrations 

PART II. Vibration Monitoring Systems. . . . . . . . . . . . . . . . . . . . . .  171 
 
Chapter 7. Suspensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 

7.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 
7.2. Filtering effects of the interface link . . . . . . . . . . . . . . . . . . . . .  177 

7.2.1. Stiffness modification for an excitation in force. . . . . . . . . . . .  177 
7.2.1.1. Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177 
7.2.1.2. Response to a harmonic excitation. . . . . . . . . . . . . . . . . .  179 
7.2.1.3. Response to an unbalanced excitation . . . . . . . . . . . . . . . .  183 

7.2.2. Stiffness modification for displacement excitation . . . . . . . . . .  185 
7.2.2.1. Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  186 
7.2.2.2. Analysis of the results . . . . . . . . . . . . . . . . . . . . . . . . .  187 
7.2.2.3. Example: vehicle suspension . . . . . . . . . . . . . . . . . . . . .  188 

7.2.3. Damping modification . . . . . . . . . . . . . . . . . . . . . . . . . . .  190 
7.2.3.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  190 
7.2.3.2. Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  191 

7.2.4. Complex case of the rotor/fuselage link of a helicopter . . . . . . .  195 
7.3. Acting on the interface through kinematic coupling . . . . . . . . . . . .  202 

7.3.1. The example of the DAVI system . . . . . . . . . . . . . . . . . . . .  202 
7.3.1.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  202 
7.3.1.2. Formulation of the equations . . . . . . . . . . . . . . . . . . . . .  203 
7.3.1.3. Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  206 
7.3.1.4. Experimental analysis . . . . . . . . . . . . . . . . . . . . . . . . .  207 

7.3.2. Example of the Aris system . . . . . . . . . . . . . . . . . . . . . . . .  209 
7.3.2.1. Mechanical system . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 
7.3.2.2. Hydraulic system . . . . . . . . . . . . . . . . . . . . . . . . . . . .  210 

7.3.3. Example of a fluid inertia resonator . . . . . . . . . . . . . . . . . . .  214 
7.3.3.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  214 
7.3.3.2. Formation of the equations . . . . . . . . . . . . . . . . . . . . . .  214 
7.3.3.3. Example of application: integration of the system  
on a helicopter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  216 

 
Chapter 8. Self-Tuning Systems . . . . . . . . . . . . . . . . . . . . . . . . . . .  219 

8.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219 
8.2. Modification of link characteristics (stiffness or damping) . . . . . . . .  220 
8.3. Modification of the kinematic coupling: example of self-tuning Sarib®  221 

8.3.1. Modeling of the suspension behavior . . . . . . . . . . . . . . . . . .  222 
8.3.1.1. Degrees of freedom of the system . . . . . . . . . . . . . . . . . .  222 
8.3.1.2. Formulation of the equations . . . . . . . . . . . . . . . . . . . . .  224 
8.3.1.3. Analysis of the general behavior of the suspension . . . . . . . .  225 
8.3.1.4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  227 

8.3.2. Presentation of the control algorithm . . . . . . . . . . . . . . . . . .  228 



Table of Contents     ix 

 
8.3.3. Performances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  231 

8.3.3.1. Simulation and behavior analysis . . . . . . . . . . . . . . . . . .  231 
8.3.3.2. Tests conducted on a model. . . . . . . . . . . . . . . . . . . . . .  234 
8.3.3.3. Flight tests on a real structure. . . . . . . . . . . . . . . . . . . . .  237 

 
Chapter 9. Active Suspensions . . . . . . . . . . . . . . . . . . . . . . . . . . . .  239 

9.1. Principle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  239 
9.2. Formulation of system equations and analysis of the system. . . . . . .  240 
9.3. Technological application . . . . . . . . . . . . . . . . . . . . . . . . . . .  244 

 
Chapter 10. Absorbers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  253 

10.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  253 
10.2. Optimization of the structure . . . . . . . . . . . . . . . . . . . . . . . . .  253 
10.3. Dynamic absorbers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  254 

10.3.1. Coupling with preponderant stiffness . . . . . . . . . . . . . . . . .  255 
10.3.1.1. Translation system . . . . . . . . . . . . . . . . . . . . . . . . . .  255 
10.3.1.2. Rotating system: torsion resonator . . . . . . . . . . . . . . . . .  264 

10.3.2. Coupling using damping and stiffness . . . . . . . . . . . . . . . . .  266 
10.3.2.1. Operation of the equations. . . . . . . . . . . . . . . . . . . . . .  266 
10.3.2.2. Tuning method. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  270 
10.3.2.3. Industrial application: resonator used on a helicopter for  
the tail boom vibrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  272 
10.3.2.4. Industrial application: resonator for torsion movements . . . .  274 

10.3.3. Coupling with preponderant damping . . . . . . . . . . . . . . . . .  274 
 
Chapter 11. Self-Adjusting Absorbers . . . . . . . . . . . . . . . . . . . . . . .  279 

11.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279 
11.2. Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279 
11.3. System coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 

11.3.1. Analog algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  281 
11.3.2. Digital algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  282 

 
Chapter 12. Active Absorbers. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  289 

12.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  289 
12.2. Active control with a resonator . . . . . . . . . . . . . . . . . . . . . . .  289 

12.2.1. Electromagnetic actuator. . . . . . . . . . . . . . . . . . . . . . . . .  290 
12.2.1.1. Single stage resonator . . . . . . . . . . . . . . . . . . . . . . . .  290 
12.2.1.2. Two-stage electromagnetic resonator . . . . . . . . . . . . . . .  295 

12.2.2. Hydraulic actuator. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300 
12.2.2.1. Technological principle . . . . . . . . . . . . . . . . . . . . . . .  300 



x     Mechanical Vibrations 

12.2.2.2. Control algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . .  303 
12.2.2.3. Results of lab tests . . . . . . . . . . . . . . . . . . . . . . . . . .  304 

12.3. Active control through external loads. . . . . . . . . . . . . . . . . . . .  305 
12.3.1. Mechanical load generator. . . . . . . . . . . . . . . . . . . . . . . .  305 

12.3.1.1. Description of the mechanism. . . . . . . . . . . . . . . . . . . .  305 
12.3.1.2. Positioning of the generator . . . . . . . . . . . . . . . . . . . . .  307 

12.3.2. Active control through the anti-torque rotor . . . . . . . . . . . . .  309 
 
Chapter 13. Resonators. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  319 

13.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  319 
13.2. Kinematic coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  319 

13.2.1. Pendular masses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  319 
13.2.1.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  319 
13.2.1.2. Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  320 
13.2.1.3. Analysis of the results . . . . . . . . . . . . . . . . . . . . . . . .  323 

13.2.2. Coplanar resonators . . . . . . . . . . . . . . . . . . . . . . . . . . . .  323 
13.3. Stiffness coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  325 

13.3.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  325 
13.3.2. Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  327 
13.3.3. Forced response of the system . . . . . . . . . . . . . . . . . . . . .  331 
13.3.4. Analysis of the results . . . . . . . . . . . . . . . . . . . . . . . . . .  332 

 
Chapter 14. Self-Adapting Resonators . . . . . . . . . . . . . . . . . . . . . . .  335 

14.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  335 
14.2. Acting near the source: hub resonator . . . . . . . . . . . . . . . . . . .  335 

14.2.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  335 
14.2.2. Control algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  339 

14.2.2.1 Type 1 controller . . . . . . . . . . . . . . . . . . . . . . . . . . . .  339 
14.2.2.2. Type 2 controller . . . . . . . . . . . . . . . . . . . . . . . . . . .  339 

14.2.3. Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  340 
 
Chapter 15. Active Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  343 

15.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  343 
15.2. Principle of the active system in the fixed frame of reference . . . . .  345 

15.2.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  345 
15.2.2. Control algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  346 
15.2.3. Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  349 
15.2.4. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  350 

15.3. Principle of the active system in a rotating frame of reference . . . . .  350 
15.3.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  350 
15.3.2. Individual blade control . . . . . . . . . . . . . . . . . . . . . . . . .  352 



Table of Contents     xi 

15.3.2.1. Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  352 
15.3.2.2. Design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  352 
15.3.2.3. Hydraulic actuators of the IBC system . . . . . . . . . . . . . .  353 
15.3.2.4. Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . .  353 

15.3.3. Individual control by servo-flaps . . . . . . . . . . . . . . . . . . . .  354 
15.3.3.1. Principle of the rotor with blade flaps operated  
by piezoelectric actuators . . . . . . . . . . . . . . . . . . . . . . . . . . . .  354 
15.3.3.2. Technological solutions . . . . . . . . . . . . . . . . . . . . . . .  355 

 
Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  359 
 
Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  365 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /AdobeSansMM
    /AdobeSerifMM
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 350
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




