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Abstract: The aim of the paper is kinematic  modelling of linkages used in airplane  control, on bases of the Multibody System method (MBS). In virtual prototyping of the aircraft , these linkages have to be modeled by a minimum number of bodies (MBS min). In the paper an appropiate algorithm is descriebed and also applied for  concrete mechanical systems. This will be the bases for  dynamic modelling of these subsystems as parts of the whole  product

Keywords: mechanical systems, multibody systems, structural modeling, kinematic analysis, aircraft, Flaps 

1. INTRODUCTION 
Generally control surfaces of an aircraft include : ailerons , rudder ,  elevator and flaps [12]. 

(see figure1). Movement of this surfaces generate roll, pitch and yaw.
In design process of an aircraft one of the main step is virtual prototyping.

In virtual prototyping of the aircraft, mechanical systems are considered as Multibody Systems (MBS). They have to be modelled as MBS with  minimum number of bodies (MBS min) to favorise obtaining real time simulation of aircraft.

The aim of this paper is kinematic  modelling of linkages used for actioning of  rudder and elevator as multibody systems.  On bases of MBS,  dynamic models could be obtained. 
[image: image66.wmf]
 2.  KINEMATIC  ANALYSIS OF CONCRETE LINKAGES
In this paper , two linkage used for rudder and elevator control are analized.

The bases of this linkage is aircraft structure , that represent for the linkage – fixed body. The output bodies are the rudder and elevator.The input motion is generated by pilot from control lever by intermediate of mechanical /  hydraulic actuators.
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Table 1: Rudder control (see fig 2)
	Body i

Body j
	gc
	Location
	[image: image68.jpg]


Number of

constraints

	1-2
	R
	O2
	5

	1-3
	R
	O3
	5

	1-4
	R
	O4
	5

	1-5
	R
	O5
	5

	1-6
	R
	O6
	5

	2-3
	-
	-
	-

	2-4
	SS
	AB
	1

	2-5
	-
	-
	-

	2-6
	-
	-
	-

	3-4
	SS
	CD
	1

	3-5
	-
	-
	-

	3-6
	-
	-
	-

	4-5
	SS
	EF
	1

	4-6
	-
	-
	-

	5-6
	SS
	GH
	1


Between bodies “2” and “4”  we have geometrical constraint AB type SS (see fig 2):
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Generally rotation matrix is:
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For body  “2” 
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Between bodies “3” and “4”  we have geometrical constraint CD type SS (see fig 2):
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Between bodies “4” and “5”  we have geometrical constraint EF type SS (see fig 2):
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Where
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Between bodies “5” and “6”  we have geometrical constraint GH type SS (see fig 2):
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Velocity  represente derivate vs.(versus)  time (see fig 2):
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Acceleration represente 2 – th order derivate vs. time (see fig.2):
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Table 2: Elevator control (see fig 3)
	Body i

Body j
	gc
	Location
	Number of

constraints

	1-2
	R
	O2
	5

	1-3
	R
	O3
	5

	1-4
	R
	O4
	5

	1-5
	R
	O5
	5

	2-3
	SS
	AB
	1

	2-4
	-
	-
	-

	2-5
	-
	-
	-

	3-4
	SS
	BD
	1

	3-5
	-
	-
	-

	4-5
	SS
	EF
	1



Between bodies “2” and “3”  we have geometrical constraint AB type SS (see fig 3):
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Between bodies “3” and “4”  we have geometrical constraint BD type SS (see fig 3):
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Where:
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Between bodies “4” and “5”  we have geometrical constraint EF type SS (see fig 3):

[image: image51.wmf](

)

(

)

(

)

2

2

2

2

EF

Z

Z

Y

Y

X

X

F

E

F

E

F

E

=

-

+

-

+

-



[image: image52.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

+

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

)

4

(

)

4

(

)

4

(

41

4

4

4

  

E

E

E

O

O

O

E

E

E

Z

Y

X

M

Z

Y

X

Z

Y

X

 and 
[image: image53.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

+

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

)

5

(

)

5

(

)

5

(

51

5

5

5

  

F

F

F

O

O

O

F

F

F

Z

Y

X

M

Z

Y

X

Z

Y

X


Velocity  represente derivate vs.(versus)  time (see fig 3):
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Acceleration represente 2 – th order derivate vs. time (see fig.3):
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Figure 3 Elevator  control








M = S (nb  - 1) – Σ r     





Σ r = 23





nb  = 5   si  S = 6 





M = 1








Rudder





Elevator





Flaps





Aileron





(6)





(5)





Figure 1 Aircraft control





Figure 2 Rudder control
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