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Abstract 

This article contains kinematic analysis of the chassis mechanism used in Lockheed F-104S Star fighter aircraft, 
which is recently used by the NATO military aviation as an interceptor. The mechanism of the chassis is made up of 
several smaller subsystems with different functions. The first mechanism is used to eject the chassis before landing 
(touchdown) and fold it to hatchway after the lift off. The second mechanism is designed to perform rotation of the 
crossover with the wheel, in order to adjust the position of the wheel to fit it in the limited space in the hold. The third 
mechanism allows movement of the chassis resulting from the change in length of the damper. To determine the 
position of the following links of the mechanism was used calculus of vectors in which unit vectors were used to 
represent the angular position of the links. Often used equation, which describes a polygon vector, and the equation of 
unknown unit vector possible to determine if the other two and the angles between them are known. Calculations were 
performed in the three local systems of reference, thus were obtained the simplest forms of solutions for links 
positions. The corresponding scalar products of unit vectors are elements of two transition matrices. These matrices 
are needed for the vectors calculation in each of the three coordinate systems. The result of the analysis is to 
determine the angle of convergence and the angle of heel wheels as a function of variable length of hydraulic cylinder 
and the length of the shock absorber. It has been shown that length of the shock absorber has little effect on angle of 
convergence, but has a significant effect on the angle of the tilt-wheel landing gear. 
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1. Introduction

A typical solution in the construction of the current aircraft flight decreasing resistance is the 
mechanism comprising movable chassis to hatch located in the body of the aircraft. In used until 
recently by the NATO military aviation as a fighter interceptor, movable main landing gear is 
located in the central part of the fuselage.  

The paper contains a kinematic analysis of the spatial mechanism chassis in a range of 
positions. The analysis determined convergence angle and the angle of heel landing wheels as 
a function of chassis extendible hydraulic cylinder length and the length of the shock absorber.  
The analysis was performed using a vector method using versors representing the angular position 
of the links [1, 4]. 

2. Construction of the landing gear mechanism

Gear mechanism consists of a three smaller mechanisms that perform different functions [2].
The first mechanism is used to eject the landing gear before landing and folding it after lift-off 
(Fig. 1). It consists of two fixed-length links 2 and 3 and the hydraulic cylinder 4, connected to 
a double pivot D. The shank is connected by pivot E to the actuator and by pivot C to link 2. To 
connect link 3 to the airframe were used movable link 10. Link 10 is connected with link 3 by 
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pivot B and with airplane frame by pivot N. Rotary joint axes A, B, C, D and E are parallel to each 
other, so that part of the chassis, composed of links 3, 2, shank 1 and the actuator 4 can be 
regarded as a flat mechanism. 

 

 
Fig. 1. The mechanism of the Lockheed F-104S Starfighter landing gear 

 
The second gear mechanism is designed to perform a limited rotation of the steering 8 with the 

wheel around pivot I caused by movement of the shank 1. The rotation around the axis of pivot I 
should provide accurate positioning of the wheel in two extreme positions. The first results from 
the necessity of such a setting is wheel to be able to fold and fit in to the expected area of the 
chassis hatch. The second extreme position refers to the total distribution of the chassis, where the 
wheel should achieve established angle to the shank. Rotate the wheel steering joint I is forced by 
the space arrangement of two quadrangle, connected to the shank.  

The first quadrangle is made up of connector 9, shank 1, connector 5 and wishbone 6. 
Wishbone 6 is connected to the shank by pivot F. Link 5 is connected to the connector 9 and the 
wishbone 6 by ball joints G and H. The second quadrangle consists of wishbone 6, shank 1, 
connector 7 and steering 8. The steering 8 is connected to the shank by joint I. Link 7 is connected 
to the wishbone 6 and steering 8 by ball joints J and K. The main landing gear wheel is mounted 
on the pivot 8 in the rotary joint L. Changing the length of the actuator 4 movable landing gear 
mechanism rotates the main shank 1 around the pivot al and simultaneous rotation of steering 8 
wheel around pivot axis I. In mechanism of movable chassis connectors 5 and 7 has adjustable 
length. The use of such regulation compensates for inaccuracies performance of links and their 
assembly to ensure accurate positioning of the wheels in the extreme positions.  
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The third mechanism allows movement of the chassis resulting from a change in the length of 
the elastic damping (hereinafter referred to as shock absorber) 11. Shank is connected indirectly to 
the airframe by a movable connector 9, connected to the plane frame by pivot M and to the shank 
by pivot A. Shock absorber 11 is positioned over the shank connected thereto and to the plane 
frame by means of connectors 12 and 13. Connector 12 is connected to the shank 1 by pivot P, and 
to shock absorber by pivot R. Connector 13 is connected to the frame pivot plane T, and shock 
absorber pivot S. During take-off and landing aircraft, as a result of changes in the length of shank 
damper rotates around a pivot axis M. Joints M and N have a common axis of rotation which is 
parallel to the line of intersection of the plane symmetry and the surface on which the aircraft is. 

The landing gear mechanism cooperating with the opening and closing mechanisms of the two 
flaps. These mechanisms are not shown in Figure 1 and are not considered in this study. 

 
3. Analysis of links positions in the landing gear mechanism 

 
Each of the three mechanisms is described in their own reference systems in which they 

determined the position of the links. The first reference system {Agxgygzg} is related to the shank 1 
(Fig. 2). Axis zg lies in the pivot axis A. Axis xg intersects at straight angle joint axes A and E. The 
centre Ag is the point of intersection of pivot axis A and perpendicular to the surface containing the 
centre of the ball joint G. 

A second reference system – {Assists} is related to switches 9 and 10, which perform a rotation 
about a common pivot axis M and N (Fig. 2 and 3). Axis with the axis zg and xg axis inter sects a 
perpendicular pivot axes A and E. Points As and Ag overlap. In this reference system, displacements 
of the wheel orienting mechanism links are calculate.  

The third reference system {Omxmymzm} is related with the plane frame (Fig. 3 and 4). Axis xm 
lies on a common pivot axis M and dN. Axis zm is perpendicular to the surface on which the 
aircraft stands. Om point lies at the intersection of axis xm with the surface zmym containing the point 
of intersection of the pivot T of a straight line intersecting at a right angle joint axes T and S. In 
this reference system calculates the shank displacement including wheel resulting from the change 
in length of the shock absorber the taper angle  and the tilt angle of the wheel . Wanted wheel 
orientation angles are determined in the system {Omxmymzm}. In a previous analysis, versors are 
determined reference system {Agxgygzg} and {Assists}.It is therefore necessary to find transition 
matrix between two pairs of subsequent reference systems. Symbols versors expressed in systems 
{Agxgygzg}, {Assists} and {Omxmymzm} contain the upper left index of "g", "s" or "m". 

 
3.1. Links positions analysis of the chassis eject mechanism 
 

Position analysis of the landing gear ejecting mechanism has the task to determine in the system 
{Agxgygzg}versors of moving links, especially versor lying straight line passing through the 
joint axes A and B which is the axis xs of the reference system {Assists}. 

In the flat ejecting chassis mechanism versors describing the angular position of links are 
parallel to the surface xsys. Based on the triangle CDE (Fig. 2) formulate a relationship: 
 , (1) 
which is the basis for determining versors:  

 , (2) 

where: 
 – –versor associated with the shank with known coordinates, 
  – versor perpendicular to the , l2, lCE – constant links size, 
S4 – temporary length of the actuator 4. 
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Fig. 2. Chassis eject mechanism 

 
Triangle ACD can be described by the equation: 

 , (3) 

which set a distance between the axes of the joints A and D and the versor in the direction of AD: 

 , (4) 

where: 
 – versor associated with the shank with known coordinates, 

lAC – shank dimension. 
Based on the triangle ABD can write:    

 , (5) 

where it is determined versors:  

 , (6) 

where:  – versor perpendicular to the , l3, lAB – constant links size. 
Determination of the  determines the transition matrix from the reference system 

{Agxgygzg} to the{Assists}: 

 , (7) 

where:  , ,  , . 
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3.2. Links positions analysis of the wheel turning mechanism 
 

The rotating wheel mechanism which motion is forced by the rotation of the main shank 
around the pivot axis A is a combination of two spatial quadrangle RSSR type [3]. 

Links positions analysis result of the rotating wheel mechanism is determined directional 
versor  of the wheel plane expressed in system {Asxsyszs}. 

Point F1 is located at the intersection of the pivot axis F, and the perpendicular plane 
containing the ball joint centre H [5]. Point I1, is located at the intersection of the pivot axis I and 
a perpendicular plane containing ball joint centre K. 

 
Fig. 3. The chassis mechanism that causes rotation of the steering wheel 

 
Triangle F1AsG can be described by the equation:  

 , (8) 

where: , 
which set a variable distance between F1 and G and the versor in the direction of F1G: 

 ,                 (9) 

 
where: – known versor in the direction of AsG, lAG, lFA known dimensions of the links. 

The resulting values are base to designate versor associated with the wishbone 6: 

 , (10) 

where: ,  – a known direction of the pivot F axis versor, , 

, . 

Another versor associated with the wishbone 6 is: 

 , (11) 

where: 
, 

, – fixed angle between the segment F1J and the pivot F, 
 – fixed angle between segments F1J and F1H. 
Triangle I1F1J can be described by the relationship:  
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 , (12) 

which set a variable distance between I1 and J and the versor on direction I1J: 

 , (13) 

where: , – known versor on direction I1F1, lIF ,lFJ, – dimensions of the 
links. 

Versor on the pivot 8 can be expressed as: 

, (14) 

where: ,  – known versor pivot axis I, , 

, . 

Perpendicular to each other versors and are both parallel to the plane of the wheel. 
Directional Versor in the wheel plane in system {Asxsyszs} is:  

 . (15) 
 

3.3. Analysis of wheel angular position consequent from the change in length of the shock absorber 
 

The chassis links movement with locked cylinder 4 at its maximum length, due to dynamic 
loads that occur during take-off and landing. Reduced load applied to the shock absorber 11 affects 
its temporary length and the angular position on shank 1 and wheel orientation. In order to 
determine the orientation angles of the wheels should designate transition matrix from reference 
system {Asxsyszs} associated with the links 9 and 10 and system connected to the plane frame 
{Omxmymzm}.Transition matrix elements dependent on -the distance between points T13 and P12. 
Points T13 and S13 lies on the axis of rotation joints T and S of connector 13 and the straight line 
intersecting these axes at right angles. P12 and R12 points lies on the axes of rotation joints P and 
Rof link 12 and the straight line intersecting these axes at right angles. 

At the time of changing the length of shock absorber lending gear rotates about a common axis 
of pivot joints M and N, which determines versor known in {Asxsyszs} system which is 
parallel to the surface of symmetry of the plane and the surface on which the aircraft is.  

Versor on direction OmP12: 

 , (16) 

where: 
– known versor on direction OmT13, 

 

, , – fixed angle between versors and . 

Versor on direction OmA: 

  (17) 

where: , ,  . 

Versor on direction AP12: 
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 . (18) 

Axis zs versor: 

 . (19) 

where: , – fixed angle between versors and ,  
, , – fixed angle between versors  i . 

Axis xs versor: 

 , (20) 

where: , , , – fixed angle 
between versors  i . 

Transition matrix from reference system {Asxsyszs} to the system {Omxmymzm}:   

 , (21) 

where: , , , . 
 

 

Fig. 4. The mechanism with shock absorber 
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4. Convergence and heel of wheel angles 
 

Directional versor of wheel rolling line can be determined from the cross product of non-
orthogonal versors  i : 

 , (22) 

where:  
Wheel convergence angle [6]: 

 . (23) 

 
The angle of the tilt wheel [6]: 

 , (24) 

where:  
 – directional versor of plane perpendicular to the level containing the rolling line. 

 
5. Results and conclusions 
 

 
Fig5. Tilt angle and the angle of convergence of wheel as a function of the absorber length 

 
Change the length of  in range (0.8-1.1) 0 (where 0 =0.53m – length for standing plane 

without an engine, fuel and armament) causes a change in the tilt angle  in the range (9.2-6.0°) 
and change the taper angle  in the range (4.9-0.3°). 
Presented analysis can be the basis to examine the impact of accuracy of performance and links 
assembly mechanism on angular position of the wheel chassis. It can also be used to determine the 
extent of change in length of connectors 5 and 7 and performance compensation inaccuracy links 
assembly. 
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